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I3; PREFACE

The publishers have not attem ted in this

work to produce a condensed cyc opedia cov

ering the broad field of electrical engineering,

but they have aimed to present to the public a

handy reference book convenient to cart in

the pocket, containing the rules, formulas, ta les,

and diagrams of connections that are most gen

‘.erally used and needed by wiremen, dynamo at

‘tendants, foremen of construction, managers,

pngineers, and superintendents of power sta

‘Jtions, electric-1i hting and electric-railan sys

‘Ztems, and man acturers and dealers inclefirical

sap ratus and supplies. c " ‘___

he aim of the publishers has beenftoselect

from the vast amount of materiaLat hand only

’fthat portion which is most likely to be used in

gonnection with the daily work or which will be

(“most frequently consulted. While the treatment

Lot some subjects is of necessity brief, it is suffi

‘cient for the purpose. More important subjects

have been covered in ater detail; for instance,

the description of ynamos and motors, the

faults to which they are liable, and the meth

ods of locating these faults is very thorough and

complete. The tables selected are thoss most

in demand, and the applications of the rules and

formulas are shown, in many cases, b practical

,earamples and solutions, together wit explana

itions.
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iv PREFACE

The material is conveniently and logically

arranged for ready reference. A large amount

of valuable data. on weights and measures and

on the physical and electrical properties of

metals and alloys has been incorporated. The

connections of the different types of dynamos

and motors are well illustrated by diagrams.

Of especial interest is the table of sizes of

motors necessary to drive various machine

tools. The treatise on the diseases of electrical

apparatus is of great value to those engaged

in operating machinery.

The treatment of alternators, alternating

current motors, alternating-current measuring

instruments, and electric transmission, though

concise, contains many valuable diagrams of

connections, data tables, and other instruction

relating to this branch of the profession, which

is constantly- increasing in importance. The

methods of controlling the speed of electric cars

and .multi le-unit trains are illustrated and ex

lained. n the section on “First Aid to the

njured,”*directions are given in cases of electric

shock, of other accidents, which if promptly

followed *may result in the saving of life, or

alleviation of suffering. Numerous illustrations

show clearly the proper method of procedure in

case of accident.

INTERNATIONAL Conaasrounanca SCHOOLS

SCRANTON, PA.

February 1, 1908



INDEX

Absolute zero of tempera

ture, .

Accidents, 4‘04.

Acid denmty of

cells, 232.

Adjusting wattmeters, 301.

Airheating,384.

Alloyed wire, 113.

Alloys and metals, Table

of physical and elec1

trical properties of 71.

Allowabéei bolt pull, Table

0 .

storage

Alternating current, 246.

-current apparatus, 246.

current, Average value of,

247. .
-current circuits, Proper

ties of, 251.

-current. circuits. Relation

of resistance, induct

ance and capacity in,

250

-current curve, 246.

current, Efiective value of,

247.

current, Maximum value

of, 247.

-current motors, 268.

-current wattmeter meas

urements, 289.

currents, Conductors for,

322.

Alternator armature wind

ings, 2 _

Th2ree-phase Winding of,

Two-phase winding of.255.

Alternators, 251.

Electromotive force of,

2 4.

in parallel, 261, 268.

Operation of, 261.

 
Alternators, Polyphase, 251.

Quarter-phase, 5 .

Single-phase, 251.

Synchronizing of, 262.

Table of exciters for, 254.

Three-phase, 251, 257.

Two-phase, 251.

Aluminum and conper.

Table of comparison of.

112, 113.

-bronze wire, 117.

conductors, 313.

line wire, Table of, 116.

wire, Table of pure, 114.

Ampere, 64. ‘

-turn curves, 140.

Angles, Measure o{, 2.

Annealed eopper wire,

Tables 08 90.08.

Annealing, 339. ~

Arc-15.31) dam, 341, 342,

-lamptable‘§1341 I342, 343.

lamps, 339, ..

Arcs, Measure of, 2.

Areas of circles; Table of, 17.

Armature coil, Grounded,

coils, 171.

coils, Pitch of 172.

coils, Shape o , 172.

Delta (A) connection for.

Double - parallel winding

of, 175.

Double - series winding of,

178

Drumlwound. closed-coil.

Drluzrgl-wound, open-coil,

equalizer rings, 185.

Faults in, 1 .

Heating of, 222,
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Armature. Parallel winding

of_ 173, 181.

Ringdwound, closed-coil,

Ring-wound, op e n - c oil,

Series winding of, 176,

183.

Singlg-parallel winding of,

Sirigle -series winding of,

winding data, 179, 189,

190.

winding, T h r e e -phase.

258.

windings, Diagram of,

171'}. '

windings, Direct-current,

169. .
windings foir alternators,

253. ,

wiiligéngs, Railway-motor.

Y conneqtionfor, 258, 259.

Atomic weights, Table of, 9.

Atoms, 87'

Automatflf’bumers, 374.

synchmzer, 267.

Autotransformars, 282.

Average valueef alternating

current, 247.

Avoirdupois weight. 2.

B

Balancer sets, 318.

r-to-bar armature test,

196.

Batteries, 224, 226.

Primary, 4.

Storage, 226. v

Battgréy6 circuits, Wiring for,

Bearings, Heating of. 222.

Belt pull, Table of, 56.

Belts, 55.

Bleeding. $07.

Boiling pomt, 16.

Boosters for storage battery,

43 245.

 

British Association ohm, 65,

 
British standard wire gauge,

ew, 106.

thermal unit, 13.

Bronze wires, Silicon- and

_ aluminium, 117.

Building up a dynamo field,

1 .

Buildings, Wires for interior

of 351

Burglar alarms, 372.

Burners, Automatic, 374.

Pendant, 374.

C

Cables for dynamos, 205.

Insulated, 308.

Table of telephone, 152.

Calculating size of wire,353.

Oalculations for lifting mag

nets, 391. _ _

for magnet Winding, 147.

of light, 334.

Calorie, 13, 125.

Candlepower, 329.

Ca city, 120.

etric measures of, 4.

of condensers, 121.

of transformers for induc

tion motors, 288.

Unit of, 120

Car gigging, Installation of,

Care of storage cells, 227.

Carl Herring's values for

{355151211166 of copper,

Carryiné capacity of iron

Wire, 200. _ _

capacity of tinned-iron

wire, . _

capacity of Wires, 350,

351

1Centdgrade and Fahrenheit

egrees, Table of, 15.

Fahrenheit and Réaurnur

degrees, Formulas of

conversion of, 16.

temperature scale, 15.

Centimeter cube of copper,

r1 Herring's value

for, 105.

-gram7 second units, 59.
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Centrifugal force, 53.

Chains and ropes, 58.

Charge of storage cells, 2_31.

Charging storage batteries,

Chemical e uivalent, Defi

nition 0 , 12.

equivalents, Table of, 9,

symbols, Table of, 9.

Chemistry and electro

chemistry, .

Chord of circle, 52.

Circles, Area and perimeter

o , .

Table of circumferences

and areas of, 17.

Circuit-breaker, 357.

-opening devices, 357.

Circuits, Properties of alter

nating—current, 251.

Resistance of, 82.

Signal-bell, 369.

Circular mil, 85.

Circumferences of circles,

Table of, 17.

Cleats for wiring, 359.

Clocks, Electric. 375.

Watchman’s, 375.

Clockwise rotation. 165.

Code, National Electrical,

349.

Coefficient of self-induction,

Coeflicients of linear expan

sion, 14.

Coil, Inductance of, 142.

Coils, Armature, 171.

Commutator, 160.

Sparking at, 220.

Comparative data on alu

minum and copper,

Table of, 112, _113.

Compensator Starting, 271.

Starting, Connections of,

72.

Compound dynamos in par

allel, 202.

molecules and matter, 8.

-wound machines, 162.

Concrete, 153. _

Condensers, Capacity of, 121.

 
Condensers in parallel, 121.

in series, 121.

Concisuzctance, Definition of

S ecific, 82.

nit of, 82.

Conductivity, Definition of,

Conductors, Aluminum, 313.

£01522alternating current,

Conduits, Wiring for, 362.

Connections, Dynamo, 165.

for charging storage cells,

for delta (A) wound alter

nator armature, - .

for testing lamps, 331.

Lincoln synchronizer, 266.

Mercury-vapor converter,

279. *

of booster for storage bat

ftery,l2_41, £42, 2334‘, 246.

o equa izer us, 2 .

of Necnst lamp, 338.

of rotary-convé’fier arma

turés, 274. ~

of 2starting compensator,

of transformers, 284.

Wattmeter, 290, 293, 294,

295, 296, 297, 298, 299,

300, 301,-802, 303.

Constant-potential arc

lamps, 339.

Constants T and! for trans

mission circuits, 323.

Control for two or more

points, Wiring for, 358.

Series~parallel, 393.

Controller, 393.

diagram, 395.

Contgglgezs, E l e c t ri c-car,

Conversion factors, Metric_, 4.

Converter, Cooper Hew1tt,

Converters Mercury-vapor

277. ' '

Rotary 274.

Coopze;7 Hewitt converter,
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Copper, A. I. E. E. table

of temperature coefli

cients of, 88.

and aluminum, Table corn

paring. 112, 113. _

Crocker's calculation 0t re

sistance of, . _

for three-phase transmis

sion, 321.

Kennelly's calculation of

resistance of, 85.

Terraiperature coefficient of,

wire, 88.

wire, Table of hard—drawn,

wire. . Table of tensile

strength of, 108.

~wire tables, B. & S.

gauge, .

~wg8e tables, 13. W. gauge.

Cotton: and silk-covered

wirc, Table of~154.

-covere‘d wire, Table of,

146." ,

Coulomb'64. v" I _

Counterflockwxse rotation.

1

E. M F.> .. 14.. ’

Crocker’s calculation of re

sistance-0f copper, 84.

Cross-arms, 153.

Cube and square roots, 29.

Cubes. 50.

Cubic measure, 2. 4.

Current. 64.

and motion, Rules for

direction of, 143.

densities for electropla

ting, 379.

distribution systems, 306

for fusing wires, 156.

Mean annual, 315.

required by motors, 354.

transformer, 283.

Unit of, 64.

Wattless 249.

Currents, li‘using effects Of,

Curve of alternating current,

246.

 
Curve of hysteresis loss, 136.

Curves, Ampere-tum, 140.

of E. M. F.'s of storage

cell, 230.

Three base current, 259.

Two-p ase current. 256.

D

Data, Arc-lamp, 341, 342,

343

curves of Moore light, 348.

for induction coils, 144.

on aluminum and copper,

Table of comparative,

112, 113.

Decimal equivalents of arts

of 1 inch, Table 0 , 21.

Density, Magnetic, 129.

of 2gcid in storage cells.

2.

of field, 129.

Diagram of armature wind

ings, l .

of controller wiring, 395.

Dielectric strength, 124.

Differential arc lamps, 340.

Direct-current dynamos,158.

-current motors, 158, 207.

Direction of current and

motion, Rules for, 143,

of motor rotation, 165.

Discharge of storage cells,

, 235.

Diseases of D.-C. dynamo:

.and motors, 220.

Dislocation, 413.

Distribution of light, 335.

Division of matter, 8.

Dobrowolsky three-wire dy

namo, 320.

Door openers, 371.

Double - current generator,

silk-covered copper wire.

Data on, 108._

Drop in voltage in a line,

324

lines, 153.

Dry measure. 2. _

Ductfility of iron Wire, Tests

or, .
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Dynamo connections, 165.

to generate, Failure of, 223.

field, Picking up the, 163.

Dynamos, Cables for, 205.

Direct-current, 158.

Diseases of, 220.

Parallel running of, 201.

Dyne, 59.

E

Economical conditions for

transmission 5 y s t e m,

Economy of motor drive,

Eddy-current loss, 137.

Efi'ective value of alterna

ting current. 247.

Efi'ects of heat, 413.

Efficiency of lamps, 332.

Electric annealing, 389.

-car controllers, 393.

clocks, 375.

furnace, 390.

gas lighting, 373.

ieating, 380.

lamps, 328.

shock, 410.

transmission, 306.

welding, 386. '

Electrical properties of

me t als and alloys,

Table of, 71. _

tests of iron Wire, 109,

110

units, symbols, and quan

tities, 59.

units, Table of, 62. .

Electricity and magnetism,

5 .

Quantity of, 64. _

Electrochemical equivalent,

Definition of, 12.

equivalents, Table of, 11.

series of elements. 376.

Electrochemistry and chem

istry. 8.

Electrolyte of storage cells,

2 .

Electrolytes, Table of rem'st

ance and temperature

coefficients of , 80.

 
Electrolytic action, 10.

cell 10, .

forge, 389.

Electromagnetic units. 59.

units, Practical, 64.

Electromagnets. 390.

Electromotive force, 65.

Counter, 159.

force of alternators, 252.

force, Unit of, 65.

Electroplating, 377.

Current densities for, 379.

Electrostatic capacity, Unit

of, 120.

units, 59.

Elementary molecules and

matter, 8.

Elements, Table of, 9.

llipse, 5 .

Elongation, Percentage, 109.

Enclosed-arc lamp, .

Energy, 124.

Equalizer bus connections,

204. ‘ _

rings for armatma. 185.

Equivalent, Definition of

chemical and electro

ehemica1,'12. ”

of heat; Mechaniurl, 14.

Equivalents, Table of chem—

ical and electrochem

ical, 11.

EVOlélélOfl. and-f involution,

Exciting field magnets, 161.

Expansion, Coefficients of

linear, 14.

F

Fahrenheit and centigrade

degrees, Table of, 15.

éaumur and Centigrade

degrees, Formulas of

conversion of, 16.

temperature scale, 15.

Failure of dynamo to gener

ate, 223.

of motor to start, 223.

Faintin , 4Q4.

Falling dies, 53.

Faults in armatures. 194.

Test for locating, 191.
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Feed-wire, Table of weather

_ dproof, 105.

Fiel coil, Grounded, 193.

coil, Open circuit in, 191.

coil, Short circuit in, 191,

coillbsTelephone test for,

-coi1 testing transformer,

192.

density, 129.

heating, 222.

magnets, 160.

magnets, Methods of ex

citing, 161.

First aid to the injured, 404.

Flaming-arc lamps, 344.

F‘lasléggstem of gas lighting,

Flux density, 129.

Magnetic. 129.

Foot-pound, .

Force, Cent ' a1, 53.

Forces, Parallelogram of, 54.

Forge, Electrolytic, 389.

Form of‘Eonversion be

tw céntigrade, Fah

ren gait, and ,Réaumur

deg‘reesrw.

Fractures, 411.

Freezing oint, 16r

Furnace, lectric, 390. _

Fusing currents for Wires,

efiects of currents on wires,

382 383.

Fusion, Temperature of, 13.

G

Gas lightin , Electric. 373.

lighting, sh system of,

Gauges,.Wi.re, 85.

Gausses, 1 .

Gem incandescent

355.

Geneé-al Electric rectifier,

Generator, Double-current,

277

lamp,

Germanlsilver wire, 117.

Gilbert, 134.

Grades of iron wire, 109.

 
Grou1nd7ed armature coil,

field coil, 193.

H

Hard-drawn copper Wire,

B. & S. gauge, Table oi

resistances of, 96.

~drawn co per wire, B. W.

gauge, able of resist

ance of, 102.

-drawn copper wire, Table

of, 106.

-den co per wire, Table

of weig t and strength

of, 107.

Heat, 12.

Mechanical equivalent of,

Physiological effects of,

413.

units, 13. _

Heating appliances, 385.

Electric, 380

in rotary converter, 277.

of air, 384.

of armature, 222.

of the bearings. 222.

of the field, 222.

of water, 384.

Heatls of metals, Specific,

2.

Hemorrhage, 407.

Henry, 1 .

Hydrometers, 228.

Hysteresis, 135.

loss, Curve of, 136.

Steinmetz formula for

I

Illumination, Intensity of

Units of, 334.

,mpedance, 248.

.ncandescent lamps, 328.

..ndicating wattmeters, 289

.nductance, 124

of coil, 142.

Unit of, 124.

Induction, 140.

-coi1 data, 144
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Induction, Magnetic, 129.

motor, Reversing direc

tion of rotation of, 270.

motor, Speed regulation

of, 270.

motors, 269.

motors, Power factors of,

274

motors, Single-phase, 273.

motors, Three-phase, 270.

motors, Two-phase, 270.

motors, Starting of, 271.

wattmeters, 292.

Inductive resistance, 248.

Inductivity, 122.

Injured, First aid to, 404.

Injuries, 40 .

Installation of car wiring,

398

of interior wiring, 359.

Of storage cells, 227.

Insulated wires, 307.

Insulation resistance, Meas

urement of, 193.

tests, Table of, 195.

Insulators, Table of specific

resistance of, 70.

Intensity of illumination,

of magnetic field, 129.

of magnetization, 129.

Interior wiring, ._

wirsisngg, Installation of,

International ohm, 65. 70.

Inverted rotary converter,

277.

Involqution and evolution,

8

Iron and steel wire, Table

of weights per mile

ohm of, 112. _ ‘

Table of magnetic Quali

ties of, 130.

Wire'109- . .
Wire, Carrying mpacity of,

200

wire, Grades of, 109.

Wire, Mechanical and elec

trical tests of, 109, 110.

Wine, Table of weight and

resistance of. 111.

 

J ;

Joints for wires, 352.

in aluminum and hard

drawn copper wire, 106.

Joule, 124.

K

Kennelly's method of calcu

lating resistance of cop

per, 85.

Kilovolt, 65.

Kilowatt, 125.

Kine, 59.

Knobs for wiring. 359.

k», Table of values, 254.

L

Lamp, Enclosed-arc, 344.

Flaming-arc, 344

Magnetite-arc, 346.

Mercury-vapor tube, 346.

Metallic flame-arc, 346.

Moore, 347.

Nemst, 337.

Open-arc, 344.

Lamps, Are, 339.

Connections for testing,

Oogstant-potential a re

Difierential-arc, 340.

Efliciency of, 332.

Electric, 328.

Gem incandescent, 335.

Incandescent, 328.

Life of, 332.

Rating of, 329.

Shunt arc, 340.

Laws of magnetic circuit,

Legal ohm, 65, 70.

h, Metric

of, 3.

Life of lamps, 332.

Lifting magnet, 390.

magnet calculations, 391.

Light calculations, 334.

distribution, 335.

measurement, 330.

Moore, 347.

Lincoln synchronizer, 264.

 

measures
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Lincoln synchronizer connec

tions, .

Line drop in voltage. 324.

wire, Table of aluminum,

Linear expansion, Coeffi

cients of, 14.

measure, 1.

Lines, Transposition of, 327.

Liquid measure, 3.

metric measure, 4.

Loop system of wiring, 364.

M

Machine tools, Motor drive

for, 216.

tools, Motor drive table

for. 2 , 18.

Machines, C o m p o u n d -

wound, 162.

Separately excited, 161.

Series-wound, 162.

Shunt-wound, 162.

Magnet-winding calcula

tions, 147.

Magnetic circuit, LaWs of,

138.

density, 1, 29.

field, ntensity of, 129.

flux, 129.

induction, 129.

moment, 129.

permeability, 129.

qualities of iron and steel,

Tables of, 130.

quantities, 129.

units, Table of, 61.

Magnetism, 129.

and electricity, 59.

Residual, 163.

Marznetite-arc lamp, 346.

Magnetization, Intensity of,

Magnctizing force, 129.

Magnetomotive force,

Magnets, Field, 160.

Lifting, 390 _

Management of recording

wattmeters, 298.

Marine work, Wires for, 350.

Matter,_Com ound,>8.

Division 0 , 8.

134.

 
Matter, Elementary, 8.

Matthiessen's standard for

copper, 89.

Maximum value of alterna

ting current. 247.

McIntire sleeve goints. 106.

Measure, Cubic, 2..

Dry, 2.

Linear, 1.

Liquid, 3.

Measurement of light, 330.

of power on single-phase

circuit, 291.

of power on three~phase

circuit, 295.

of power on two-phase

circuit, 293.

Measurements, Altemating

current wattmeter, 289.

Measures and weights, 1.

of angles or arcs, 2.

Measuring insulation resist

ance, 193.

Mechanical tests of

wire, 109, 110.

e uivalent of heat, 14.

Mec anics, 53.

Megohm, 65.

Mercury-vapor co n ve rt e r

connection, 279.

-vap0r converters, 277.

-va.por tube lamp, 346.

Metallic flame-arc lamp, 346.

Metals and alloys, Table of

properties of, 71.

Specific heats of, 12.

Meter~gram resistivity, 71.

Metric conversion factors, 4.

measures of capacity, 4.

measures of length, 3.

measures of surface, 4.

measures of volume, 4.

measures of weight, 4.

system, 3.

Mho, 82.

Microhm, 65.

i1, 85.

Circular, 85.

foot, 85.f

- oot 0 copper,

Herring's. 105.

Mile-ohm, 71.

iron

Cari
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Mile-ohm of iron and steel

wire, Table of weights

per, 112.

Milliampere, 64.

Millihenry, 64.

Millivolt, 65.

Molecules, 8.

Compound, 8.

Elementary, 8.

Moment, Magnetic, 129.

Monocyclic system, 257.

Moore ' .

light, ate. curves 91,348.

Motor-armature, Resistance

garb regulating speed of,

1 .

drive, Economy of, 219.

Driviéng machine tools by,

21 .

to start, Failure of, 223.

start' devices, 207.

Motozrg,8 lternatmg-current,

Current required by, 354.

Direct-current, 158, 207.

Diseases of, 220.

Induction, 269.

Speed regulation of, 209.

Stow variable-speed, 215.

Synchronous, 268

Multiple-unit system,

Sprague General Elec

tric,

-unit system, Westing

house, 402.

Multgcéltage speed control,

N

National Electrical code,349.

Nemst lamp, 337.

lam connections, 338.

New ritish standard wire

gauge, 106.

0

Oersted, 135.

Oh m. 65. _

British Association, 65, 70.

nternational, 65. .

Legal, 65, 70

Ohm's law, 1

 

 
Ohrn's per cubic inch of cop

per wire, 10

Open-arc lamp, 344.

Operation of altemators, 261 .

of transformer on difierent

frequencies, 283.

P

Parallel operation of alter

nators, 261, 2

Resistances in, 82.

Running of compound

dynamos in, 202.

Running of direct-current

dynamos in, 201.

windings of armatures.

173, 181.

Parallelogram, Area of, 52.

of forces, 54.

Pendant burners, 374.

Percerégage of elongation,

Permeability, Magnetic, 129.

Phase-changing transform

ers, 287.

splitting, 273.

Phonp-electric wire, 113.

Physical and electrical prop

erties of metals and

alloys, Table of, 71.

Picklltéga up a dynamo field,

Pitch of armature coils, 172,

184, 187.

Plating baths, Voltage for,

. 379.

solutions, 377.

Pole,lggrength of magnetic,

Poles, 153.

Polygons, 52.

Polyphase alternators, 251.

lines, 32 .

Pounds-feet, 158.

Power, 54, 125.

factor, 249.

factors of

motors, 27

measurement on single<

phase circuit, 290.

measurement on three

phase circuit, .

induction
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Power measurement on

two-phase circuits, 293.

required for electric weld

ing, 387, 388.

Units of, 54, 124. _

Powers, roots, and recip

rocals, Table of, 30. _

Practical electromagnetic

units, 64

Primary batteries, 224.

batteries, Table of, 225.

Properties of cop er and

aluminum, Ta 1e com

paring, 112, 113.

Q

uantity of electricity, 64.

uarter-phase alternators,

R

Rail welding, 389.

Railway-motor a r m a t u re

windings, 187.

Rates of charge and dis

gharge of storage cells,

1.

Rating of lamps, 329.

Reactance,

Reading recording watt

meters, 305.

Réaurnur, Fahrenheit, and

centigrade degrees, For

mulas of conversion

between, 16.

temperature scale, 15.

Reciprocals, 51.

powers, and roots, Table

of, 30.

Recording wattmeters, 291.

Rectangle, 52.

Rectggzg, General Electric,

Regulation curve for storage

battery, 244.

of storage battery, 237.

Regulating resistance for

armature speed, 210.

Relation of altemating—cur

rent drop to direct-cur

rent drop, 325.

 
Relation of life, candlepower,

and voltage, . .

Reluctance, 135.

Residual _magnetism, 163.

maig‘r‘iletism, Reversal of,

Resistance, 65.

and weight of iron wire,

Tables of, 110, 111.

Inductive, 248.

of aluminum line wire,

Table of, 116.

of circuits, 82.

of copper, Crocker‘s cal

culation of, 84.

of copper, Kennelly's cal

culation of, 8 .

of copper wire, B. 8: S.

gauge, Tables of, 92.

of copper wire, B. W.

gauge, Tables of, 98.

of German-silver wire,

Table of, 118.

of insulators, Table of

specific. 70.

of iron wire, 109.

of pure aluminum wire,

Table of. 114.

Unit of, 65.

Resistances and sizes of

, wires, .

and temperature coeffi

cients of electrolytes,

Table of, 80.

and temperature coeffi

cients of metals and

alloys, Table of, 66.

in parallel, 82.

in series, 82.

Resistivity, 70.

per meter-gram, 71.

Respiration, Artificial, 405.

Reversal of residual mag

netism, 164.

Reversing switch, 209.

Rheosggt, Submerged-wire,

2 .

Water, 198.

Rheoséats for load tests,

1 .

Right~angled triangle, 52.

Ring, Area 0 , .
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Roots. reci rocals, and

powers, able of, 30.

Square and cube, 29.

Ropes and chains, 58.

Rotary converter, Heating

in, 277. .

converter, Inverted, 277.

converters, 274

Rotation, Clockwise, 165.

Counter-clockwise, 165.

Direction of motor, 165,

209.

of induction motor, Re

versing the, 270.

Rubber-insulated c a bl e s ,

Table of, 206.

Rules for direction of cur

rent and motion, 143.

Miscellaneous, for wire,

352.

Underwriters’, 349.

S

Scott phase-changing trans

former, 288.

Sector, Area of, 52.

Segment of circle, 52.

Self-induction, 141 , 248.

-inducti0n, Coeflicient of,

124.

Separately excited machines,

161

Series of elements, Electro—

chemical, 376.

-parallel control, 393.

-para11el method of speed

control, 211.

Resistances in, 82.

transformer, 283.

winding of armature, 176,

183. _

~wound machines, 162.

Shafting, 57. _

hape of armature coils, 172.

Shock, Electric. 410.

Traumatic, 406.

Shunt arc lam s, 340.

_-wound mac ines, 162.

s! _ al-bell circuits, 369.

Simon-bronze wire, 117.

11 k - a n d cotton-covered

wire. Table of, 154.

 
Silk-covered copper wire.

Data on double, 108.

Single—phase alternators,25l .

-ph%se induction motor,

. 2 3.

Size of wire for telegraph

lines, .

of wire for telephone lines,

Sizes and resistances of

wires, 85.

Small calorie, 13, 125.

Solidssé Area and volume of,

Solutions, Plating, 377.

Sparking at the commuta—

tor, 220.

Specific conductance. 82.

gravity and weight of sub

stances, 5.

heats of metals, 12.

inductive capacity, 122.

resistance, 70. _

resistance of insulators,

Table of, 70.

Speeizilgontrol, Multivoltage,

c o n t r o l, Series-parallel

method of, 211.

regulation of induction

motor, 270.

regulation of motors, 209.

variation by changing field

. strength, 213.

Sphere, Surface and volume

0 , .

Sprague General Electric

multiple-unit system, 401 -

Sprains, 413.

Square and cube roots, 29.

measure, 1.

Squares, 49.

Standard copper, Matthies‘

s_en's, 89.

Starting compensator, 271.

compensator, Connection:

of, 2’72.

devices for motors, 207.

induction motors, 271_

Steel and iron wire, Table of

weights per mile-ohm

of, 112.
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Steel, Table of magnetic

qualities of, 131.

Steinmetz formula for h_\'s~

teresis, 137.

Storage batteries, 226. -

battery, Booster for, 241,

242, 243, 245.

battery, Charging of, 229.

battery, End-cell switches

for. 237.

-battery regulation, 237.

battery regulation curve,

44

-cell curves, 230.

cells, Care of, 227.

cells, Connections

charging, 233.

cells. Data on. 237, 238,

for

cells, Density of acid in,

cells, Electrolyte of, 228.

celésé? Installation of,

cells, Miscellaneous points

relating to, 235.

cells, Rate of charge and

discharge of, 231.

cells, Sulphating of, 236.

celé‘sg. Voltage required by,

2.

Stowzrariable-speed motors,

0.

Strength of hard-drawn cop

per wire, Table of, 107.

of aluminum line wire,

Table of tensile, 116.

of copper wire, Table of

tensile, 108.

of magnetic pole, 129.

Subrgsrged-wire rh e o s t a t,

Substances, Weight and

_ specific gravity of, 5.

Sulphating of storage cells,

Surface,'ltletric measures of

4

Switch, Reversing, 209.

Switches, 3 .

End-cell for storage bat

tery, 237

 

Symgls, List of importa

Table of chemical, 9.

Synchronizer, Automa1

267.

Lincoln,264.

Syncglggnizing alternatc

Synchronous motors, 268.

System, Metric, 3.

Three-wire, 317.

Systems of current distn't

tion, 306.

Local-unit, 401.

T

Table, Arc-lamp, 341, 31.

343.

of armature winding dai

197, 189, 190.

of belt pull, 56.

of capacity of transfon

51ngfor induction moto

of carrying capacity

tinned-iron wire, 381.

of centigrade and Fahre

heit degrees, 15.

of chemical and elect:

illiemical equivalen

of circumferences a1

areas of circles, 17.

of coefficients of line

expansion, 14.

of comparative prop

ties of copper and alu

inum, 112, 113

of copper for three-phi

transmission, 321.

of copper wire, B. &

gauge, 90.

of copper wire, B.

gauge, 98.

of cotton-covered w:

146, 148

of current required

motors, 354.

of data on double s

covered copper w

108.
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Table of dielectric strength Table of rubber-insulated

of substances, 126.

of decimal equivalents of

parts of 1 inch, 21.

of electrical units. 62.

of exciters for alternators,

254.

of fusing effects of cur

rents, 382, 383.

of hard-drawn copper

wire, 106.

of inductivities of sub

stances, 123.

of insulation tests, 195.

of magnetic qualities of

iron and steel, 130.

of magnetic units, 61.

mean annual current,

315.

of mechanical and elec

trical tests of iron wire,

110.

of motor drive of maChine

tools, 217, 21 _

of physical and electrical

properties f metals and

alloys, 71.

of power required for elec

tric welding, 387, 388.

of powers, roots, and re

ciprocals, 30.

of primary batteries, 225.

of relation of alternating

dr0p to direct'current

drop, 352.

of relations of resistance,

inductance, and ca

pacity in A.-C. circuits,

of resistance and Weight

of iron wire, 111.

of resistance of German

silver wire, 118.

of resistance of pure

aluminum wire, 114.

of resistances of electro

lytes, 80.

of resistances of metals

and alloys, 66, 71.

of resistance, strength,

and weight or alum

inum line wire, 116.

 

cables, 206.

of silk- and cotton-cov

ered wire, 154.

of lszpecific heats of metals,

of _ specific resistance of

insulators, 70.

of standard weather-proof

feed-wire, 105.

of symbols, atomic

weights, valences, and

chemical equivalents, 9.

of telephone cables, 152.

Of temperature coeffi

gents of copper, A. l.

of temperatures of fusion,

of tensile strength of cop—

per wire, 108.

of tinned-iron wire, 381.

of transmission constants

T at t, 323

of trigonometric

tions, 23.

of units of work, 128.

of values of km, 254.

of voltages for plating

baths, 379.

of volts required to pro

duce spark in air, 126.

of weight and specific

gravity of substances, 6.

of weight and strength

of hard-drawn copper

wire, 107.

ofweights of weather-proof

wire, 104

of weights per mile-ohm

of iron and steel wire,

func

2.

of wire gauges, 86.

of wiring, 356.

Tables of power factors of

induction motors, 274.

Teleplggne cables, Table of,

lines, ‘ Size of wire for,

117.

poles, 153.

test {or field coil, 193
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Telegraph lines, Size of wire

for, 119.

poles, 153.

Temperature, 15.

Absolute zero of, 16.

coefficient, 83.

coefiicients for copper, 83,

coefficients for co per,

A. I. E. E. table 0 , 88.

coefiicients of electrolytes,

Table of, 80.

coefficients of metals and

alloys, Table of, 66, 71.

of fusion, 13.

scales, Centigrade, Fah

11‘651'11'161t, and Réaumur,

Tensile strength of alumi

line wire, Table

of, 1116. f '

strengt 0 copper Wire,

Table of, 108.

strength of iron wire, 109.

Test, Bar-to-bar armature,

for locating faults in dy

namos or motors, 191

Tests for lamps, 331.

Rheostats for load, 198. -

Testing wattmeters, 301.

Thawing frozen water pipes.

38 .

Thermal unit, British, 13.

Thomson recording watt

meter, 290.

Three-phasse alternators,

~phase armature winding,

258.

-phase current curves,

259.

-wire dynamo, Dobrowol

sky, 320.

-wire system, 317.

Torque, 158.

Transfolrmer

Current, 283.

for testing field coils, 192.

for welding, 387.

nes, .

connections,

 
Transformer, Scott phase

changing, 288.

Transformers, 280.

for induction m o t o r 5.

Capacity of, 288.

Operation of, on different

frequencies, 283.

Phase-changing, 287.

Theory of, 280.

Transmission. Economical

condition of, 309.

Electric, 306.

lines, Polyphase 326.

Transposition of lines, 327.

Triangles, 52.

Trigonometric functions, 21.

Troy weight 2.

Traumatic shock, 406.

Twoépsl‘iase alternators,

-p;15%sfe current curves,

1115?? three-wire system,

1311.15»; winding, 255.

U

Underwriters' rules, 349.

Unit, British thermal, 13.

of capacity, 120.

of conductance, 82.

of current, 64.

of 65electromotive f 0 r c e,

of heat, 13.

of inductance, 124.

of power, 55, 125. _

of 6c‘i‘uantity of electricity,

of resistance, 65.

of work, 54, 124

U nit s , Centimeter - gram

second system of, 59.

Electromagnetic, 59.

Electrostatic, 59.

of illumination, 334.

of work, Table of, 128.

Prgztical electromagnetic.

Table of electrical, 62.

Table of magnetic, 61.

Useful numbers, 53.
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v

Valence, 8, 9.

Volt, 65.

Voltages for plating baths.

379 '

Volts to produce spark in

air, Table of, 126.

Volume. English measure

of, 2.

Metric measures of, 4.

W

Watchman's clock, 375.

Water heating, 384

pipeésé Thawing frozen,

3

rheostat, 198.

Watt, 125

-hour, 125.

Wattless current, 249.

Wattrneter connections, 290,

293, 294, 295, 296, 297,

298, 299, 300, 301, 302,

303.

measurements of alter

nating-currents. 289.

homson recording, 290.

Wattrneters, 289.

Adjusting of, 301.

Indicating, 289.

Induction, 292. _

Maégaégement of recording,

Reading recording, 305.

Recording, 291.

Testing of, 301.

Weather-proof f e e d-w i r e,

Table of, 105.

-proof wire, Table of

weights of, 104_.

Weight, Avoirdupms, 2.

of aluminum line wire,

Table of, 116.

Of copper wire, B. & S.

gauge, Table of, 90.

copper Wire, .

gauge, Table of, 98.

of iron wire, Table of, 111.

of substances, 5.

Metric measures of, 4.

per mile-ohm, 71.

 
Weight per mile-ohm of iron

ang steel wire, Table of,

Troy, 2.

Weights and measures, 1.

of weather-proof wire,

Table of, 104.

Welding, Electric, 386.

Power required for, 387,

rails, 389.

transformer, 387.

Westinghouse multiple-unit

system, 402.

Winding calculations, Mag

net, 1 .

Windings, Alternator arma

ture, 253.

Wire, Alloyed, 113.

Calculating size of, 353.

Copper, 83.

Data on double silk

covered copper, 108.

éauges, 85.

rades of iron, 109.

Iron, 109

Insulated cables, 308.

oints, 352.

echanical and electrical

tests of iron, 100. 110.

Phono-electric, 1 13.

Table of aluminum line,

116.

Table of B. & 5. gauge

copper. 92.

Table of B. W. gauge cop

r, 98.

Table of cott0n~covered,

146, 148.

Table of hard-drawn cop

per, 106.

Table of resistance of pure

aluminum, 114.

Table of silk- and cotton

covered, 154.

Table of tensile strength

of copper, 108.

Table of weight and resist

ance of iron wire, 111.

Table of weight and

strength of hard-drawn

copper, 107.
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Wire. Table of weights per

mile-ohm of , iron and

steel, 112.

tables. Copper, 89.

Wires. Carrying capacity of,

350, 351.

for interior of buildings,

351.

for marine work, 350.

Fusing currents for, 156.

Miscellaneous rules for,

2.

Silicon and aluminum

bronze, 117.

Sizes and resistance of , 85.

Wiring, Cleats for, 359.

Concealed work, 361.

Conduit. 362.

for battery circuits, 366.

for control from two or

more points, 358.

Installation of car. 398.

 
Wiring , Installation of

interior, 359.

Interior, 349.

Knobs for, 359.

Loop system, .364.

Open-work, 359.

table, 356.

Wall outlets for, 362.

Work and power, 54, 124.

Table of units of, 128.

Units of, 54, 124.

Wounds, 411.

Y

Y connections for alternator

armature, 258, 259.

Z

Zero of temperature, Abso

lute, .
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USEFUL TABLES

WEIGHTS AND MEASURES

LINEAR MEASURE

12 inches(in.)..............=1foot ....ft.

3 feet....................=lyard ..._yd_

5§yards...................=lrod . ...rd.

40 =lfurlong...........fur.

8 furlongs................. =1mile..............rni.

in. ft. yd. rd. fur. mi.

36= 3= 1

198= 16.5= 5.5= l

7,920= 660= 220= 40=1

63.360=5.280= 1,760 ’= 320=8= l

SQUARE MEASURE

144 square inches (sq.in.).... = lsquare foot. ...sq.ft.

9 square feet..........,.. filsquare yard.. ..sq. yd.

30} square yards ............ = 1 square rod ...... sq. rd.

160 squarerods ............. =1acre................A.

640 acres.................. =lsquaremile . . ..sr1.mi

sq.mi. A. sq. rd. r1]. n1. sq. ft. sq. in.

l - 640 I 192.400 = 3.0a? .oUU -—" "7.878.400 = 4,014,489,600
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CUBIC MEASURE

  

1.728 cubic inches (cu. in.). . . . = 1 cubic foot . . . . . .cu. ft.

27 cubic feet .............. = 1 cubic yard . . . . .cu. yd.

128cubic feet... = l cord..

241cubicfeet .............. =lperch..............P.

1 cu. yd. = 27 cu. ft. = 46,656 cu. in.

MEASURE OF ANGLES 0R ARCS

60seconds(”)..............=1minute ............... '

60minutes ................. =1degree..............°

90degrees................. = 1:1.angleorquadrant L_

.460 degrees...... = l circle.. .. ..cir.

1 cir. = 300° = 21,600' = 1,296,000”

AVOIRDUPOIS WEIGHT

437.5 grains (gr) ............

160unces................ .

100 pounds..... . . . . .. .. . . . 1 hundredweight.. . .cwt.

20 cwt.,or2,0001b........ 1 ton........

2.2401b..................... = 110ngt0n.. .. .....L.T.

1T. == 20 cwt. == 2,0001b. = 32,000 oz. = 14,000,000 gr.

The avoirdupois pound contains 7,000 gr.

lounce.. ...........oz.

lpound...... ......1b.

llflll

TROY WEIGHT

24grains (gr.)............ . lpennyweight. . ...pw1;.

20pennyweights............. = lounce.. ...........oz.

12ounces................... = lpound..

11b. -= 12 oz. = 240 pwt. = 5,760 gr.

DRY MEASURE

  

2pints(pt.)................. = 1quart..

8quarts.................... = lpeck..........v....pk.

4pecks....... =lbushe1... .....bu.

1 bu. = 4 pk. = 32 qt. = 64 pt.

The U. S. bushel contains 2,150.42 cu. in. = approximato

1} cu. ft. The British bushel contains 2.218.19 cu. in.
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LIQUID MEASURE

  

4 gi11s(gi.)............... =lpint................pt.

2 pints................... =1quart..............qt.

4 =1ga110n.............gal.

lligallons.... .=1barrel.............bbl.

2 barrels, or 63 gallons.. .. . == 1 hogshead ..........hhd.

1 hhd. = 2 bbl. = 63 gal. = 252 qt. = 504 pt. = 2,016 gi.

The U. S. gallon contains 231 cu. in. = .134 cu. ft., nearly,

or 1 cu. it. contains 7.481 gal.

When water is at its maximum density, 1 cu. ft. weighs

62,425 lb. and 1 gallon weighs 8.345 lb.

For approximations, 1 cu. ft. of water is considered equal.

to 7} gal., and 1 gal. as weighing 81} lb.

 

THE METRIC SYSTEM

The metric system is based on the meter. which, according

to the U. S. Coast and Geodetic Survey Report of 1884, is

equal to 39.370432 in. The value commonly used is 39.37 in.

and is authorized by the U. S. gOVernment.

There are three principal units—the meter, the liter (pro

nounced "lee-tar"), and the gmm,the units of length, capac

ity, and weight, respectively. Multiples of these units are

obtained by prefixing to the names of the principal units the

Greek words deca (10), hedo (100), and kilo (1,000); the sub

multiples, or divisions, are obtained by prefixing the Latin

words (1201' (1H1), centi (r611). and milli (n’n). These prefixes

form the key to the entire system. The abbreviations of the

principal units of these submultiples begin with a small letter,

while those of the multiples begin with a capital letter.

MEASURES OF LENGTH

10 millimeters (mm.). . . . . . .. . = 1 centimeter. . .. . . . . .cm.

10 centimeters............... =1 decimeter..... .. .. .dm.

10decimeters ............... =lmeter..............m.

10meters...................=1decameter......... Dm.

10 decameters. . ............. = 1 hectometer. . . . . . .Hm.
  

10 hectometers..... .. .. . . . .. — 1 kilometer...... .Km.
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MEASURES OF SURFACE (NOT LAND)

100 square millimeters

(sq. mm.). . . . .. 1 square centimeter. . . .sq. cm.

100 square centimeters. . . = 1 square decimeter.. . . .sq. dm.

100 square decimeters. . . . 1 square meter. . . . .. . . .sq. m.

MEASURES OF VOLUME

1,000 cubic millimeters

(cu. mm.). . . . . . .. .. .. . = 1 cubic centimeter..... cu. cm.

1,000 cubic centimeters. . = 1 cubic decimeter...... cu. dm.

1,000 cubic dccimeters. . . = 1 cubic meter.......... cu. m.

MEASURES OF CAPACITY

10 milliliters (ml.).. .. = 1 centiliter ........ . ...c1.

10 centiliters....... . ; = 1 deciliter... .dl.

lOdeciliters....... . =11iter.................l.

10 liters... .. .. = 1 decaliter ............ Dl.

lOdecaliters................ = lhectoliter...-.......Hl.

10hectoliters.......... = 1 kiloliter............Kl.

The liter is equal to the volume occupied by 1 cu. dm.

MEASURES OF WEIGHT

10 milligrams (mg). . . .. .. .. = 1 centigram ........... cg.

lOcentigrams.......... =1decigram...........dg.

10decigrams................ =1gram................g.

10grams........ . =1decagram..........Dg.

10 decagrams. . . . . . . . = 1 hectogram. . .. .. . . .Hg.

10 hectograms............... = 1kilogram ........... Kg.

1,000ki10grams ............. . =1ton.................T.

The gram is the weight of 1 cu. cm. of pure distilled water

at a temperature of 392° F.; the kilogram is the weight of

1 liter of water; the ton is the weight of 1 cu. m. of water.

METRIC CONVERSION FACTORS

In order to use the following factors for converting from

English to metric units, it is necessary to transform the



USEFUL TABLES 5

equations; for example, 1.000 Km. X .621 = 621 mi., but

1,000 mi. + .621 = 1.610 Km.

Km. X .621 = mi.

Km. + 1.609 = mi.

Km. X 3,281 = ft.

m. X 39.37 = in.

m. X 3.281 = ft.

m. X 1.094 = yd.

cm. X .3937 = in.

cm. -:— 2.54 = in.

mm. X .0393? = in.

mm. + 25.4 = in.

sq. Km. X 247.1 = A.

91.111. x 10.764 = sq. ft. “"

s<1.cm. X .155 = sq. in.

sq. cm. + 6.451 = sq. in.

sq. mm. X .00155 = sq. in.

sq. mm. + 645.1 = sq. in.

cu. m. X 35.315 = cu. ft.

cu. m. X 1.308 = cu. yd.

cu. m. X 264.2 = gal. (U. S.)

cu. cm. + 16.383 = cu. in.

. X 61.022 = cu. in.

1. X .2642 = gal. (U. S.)

1. + 3.78 = gal. (U. S.)

l. —:- 28.316 = cu. ft.

3. X 15.432 = gr.

g. X 981 = dynes

g. + 28.35 = oz. (avoir.)

fl

kilograms per sq. cm. X 14.22

= lb. per sq. in.

Kg. X 2.205 = lb.

Kg. X 35.3 = oz. (avoir.)

Kg. X .0011023 = tons

(2,000 lb.)

Kg. per sq. cm. X 14,223

= lb. per sq. in.

Kg.-m. X 7.233 = ft.-lb.

kilowatts (k. w) )-i 1.34

= H. P.

watts -:- 746 = H. P.

watts X .7373 = ft.-lb. per

sec.

joules X .7373 = ft.-lb.

Calorie (kilogram-degree) X

3.968 = B. T. U.

Calorie (kilogram-degree) +

.252 = B. T. U.

Joules X .24 = gram-calo

ries

gram-calories X 4.19 =

Joules

gravity (Paris) = 981 cm.

per sec. per sec.

(Degrees centigrade X 1.8)

+ 32° = degrees F.

WEIGHT AND SPECIFIC GRAVITY OF

VARIOUS SUBSTANCES

The specific gravity of a substance is the ratio of the

weight of any volume of the substance to the weight of an

equal volume of Some standard substance (water. in the

case of solids and liquids; and air. in the case of gases).



Metals
Specific

Weight per

Cu. In.

 

Pound

Gravity

 
'1

Antimony........................

Bismuth.........................

Brass,common...................

Copper,

C0 per,rolled....................

God,purecast...................

Iron,cast......................

Iron,wr0ught..................

Lead,pure.......................

Mercury, at 60° F .................

Silver.pure......................

Steel.

Steel,

Zinc .............................

.096

.242

.352

.307

.314

.321

. 696

.260

. 281

.409

.491

.378

. 286

.283

.256

.260

 

.660

.712

.746

. 700

. 878

. 258

. 207

. 780

. 330

.474

.919

3

.3 1

. 101

H

KIQKIQOWHQQQWWWQODN

HHH

 

Stones and Earth

Weight per

Cu. In.

Pound

Specific

Grawty

 

Asbestos.........................

Brick... .........................

Coal,anthracite..................

Coal,bituminous..................

Earth,loose...................

Glass,flint.......................

Granite,Quincy........

Gypsum,0paque..................

Limestone.......................

Marble,common.......... .

alt,comrnon..................

Sand...........

Slate............................

Soil,common .....................

Stone,common.............

Sulphur,native..............

 

.1110

.0723

.1006

.0686

.0592

.0519

.0488

.0491

.1450

.1260

.0958

.0783

.0980

.0970

.1012

.0961

.0769

.0957

.1012

.0717

.0910

.0734

 

. 350

. 652

. 168

. 700

. 686

.800

.660

. 130

.650

I 984

. 520

. 033

NNHNNNNNNNNNWIhF-‘HHHHNN

 



 

 

 

 

 

 

 

 

 

J 1

Weightpe S -
pecific

Dry Woods Cu. In. Gravity

Pound

Ash........ . . .0305 .845

Beech... . .. . .0308 .852

Cedar, Amencan .0203 .561

............................. .0090 .250

Ebony, American .. . . .0441 1220

Elm. .0202 .560

Lignumvitaa..............,...... .0481 1.330

Mahogany, Honduras.............. .0202 .560

Maple........................... .0285 .790

.0343 .950

Pine,Southern................... .0260 .720

Pine,White...................... 0144 .400

Poplar........................... .0138 .383

Spruce.......................... .0181 .500

Weight S -~
- - pecmc

Liquids per Cu. In. Gravity

Pound

Acid,nitric.._.................... .0440 1.217

.0665 1.841

Acid, muriatlc. othydrochloric . . . .0434 1.200

Alcohol. commercial. .. .. . . . . . .. .. . .0301 .833

A1cohol,pure..................... .0286 .792

Oll,1mseed._..... .0340 .940

' , turpentme ................... .0314 .870

Water, distllled (62.425 lb. per cu. ft.) .0361 1.000

Weight 5 -
pecific

Gases and Vapors per Cu. Ft. Gravity

Grams

N: 32° and a tension of 1 atmosphere

utmosphencalr.................. 565.11 1.0000

.u'nmor'lm gas . 333.1 .5894

(hrbon;caqd.................... 859.0 1.5201

Carbomconde................... 546.6 .9673

39.1 .0692

624.8 1.1056

Sqlp ureted hydrogen... .. . .. . . ... 663.8 1.1747

N1trogen......................... 548.9 .9713

Steamat212°F............... 275.8 .4880
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The weight of a cubic foot of any solid or liquid is found

by multiplying its specific gravity by 62.425 lb. avoir. The

weight of a cubic foot of any gas at atmospheric pressure

and at 32° F. is found by multiplying its specific gravity by

408073 lb. avoir.

CHEMISTRY AND ELECTROCHEMISTRY

Divisions of Matter.—Scicnce assumes three divisions of

matter—masses, molecules, and atoms. A mass is any por

tion of matter appreciable by the senses. A molecule is the

smallest particle of matter into which a body can be divided;

it is the smallest particle that is capable of separate existence.

An atom is the still smaller particle produced by the division

of a molecule by chemical means. and is regarded by chemists

as the unit quantity of chemical combination. A molecule

is a group of two or more atoms that are united by their

affinity, or mutual attraction. Elemental molecules are

formed of like atoms, compound molecules are formed of

unlike atoms. Matter composed of elemental molecules is

called simple, or elementary matter; matter composed of

compound molecules is called compound matter.

The atomic weight of an element is the relative propor

tion. by weight, with which it enters into combinations with

other elements. Hydrogen combines with other elements

in the smallest proportion. by weight, of any of the elements.

The weight of oxygen entering into a combination is 15.88

times the corresponding weight of hydrogen; i. e.. if the

atomic weight of hydrogen is 1. that of oxygen is 15.88. and

if the atomic weight of oxygen is 16I that of hydrogen is

about 1.008.

Valence.—Atoms unite in molecules always in certain fixed

proportions. For example. 2 atoms of hydrogen, H. unite

with 1 atom of oxygen, O,to form 1 molecule of water, H20;

1 atom of hydrogen, H, unites with 1 atom of chlorine, Cl. to

form 1 molecule of hydrochloric acid,HCl. The valence of

an element is the measure of its power to hold other elements

in combination. and is stated on the basis that the valence

of hydrogen is I. An element is mono-I di-, tri-, tetra-. etc.



SYMBO'LS, ATOMIC WEIGHTS, 'E‘TC. FOR A NUMBER

OF THE MORE COMMON ELEMENTS
 

 

Mercury, Hg . . . . 200. I—II 200 .0 ——100.0

1

Element Atomic Common ; Chemical

and Symbol Weight Valence , Equivalent

l

Aluminum, Al. . . 27.1 III 9.03

Antimony, Sb. . . 120 .2 III—V 40 .067— 24.04

Arsenic, As. . . .. 75.0 III—V 25. — 15.

Barium. Ba; . .. . 137.4 II 68.7

Bismuth, Bi ..... 208.5 III—V 69.5 —— 41.7

Boron, B ........ 11.0 III 3.67

Bromme Br ..... 79.96 I 7 .96

Cadmium. Cd 112.4 11 56.2

Calcium, Ca..... 40.1 11 20.05

Carbon, C....... 12 .0 IV 3.

Chlorine, Cl. . . . . 35.45 I 35.45

Chromium, Cr. .. 52.1 II—VI 26.05 — 8.68

Cobalt, C0. .. .. . 59.0 II-III 29.5 — 19.67

Coppe_r,Cu.;.... 63.6 I—II 63.6 —- 31.8

Fluorine, F ..... 19.0 I , 19.

Gold, Au ....... 197.2 III ' 65.73

Hydrogen, H . . . . 1.008 I 1.008

Iodine,1... . 126.85 I 126.85

lron.Fe........ 55.9 II—III 27.95 — 18.63

Lead. Pb. .. ..... 206.9 II—IV 103.45 —— 51.73

Lithium, 1.1.. .. . 7.03 I 7.03

Magnesium, Mg . 24.36 II 12.18

Manganese, Mn . 55.0 II—VII 27.5 —— ".86

0

7

0

0

5

0

8

1

2

4.

  

Nickel, Ni....... 58. II—III 29.35 — 19.57

Nitrogen, N. . . . . 14. 4 III—V 4.68 — 2.81

Oxygen, O ...... . V 16. II 8.0

Palladium. Pd . . 106. IV 26.63

Phosphorus, P. . . 31. III—V 10.33 —— 6.2

Platinum, Pz. . .. 194. IV 48.?

Potassium, K .. 39. 5 I 39.15

Selenium Se 79. II , 39.6

Silicon. Si...... . 28. IV 7 .1

Silver, A ...... . 107.93 I 107 .93

Sodium, 10.... .' 23.05 1 l 23.05

Strontium, Sr. . . 87.6 II 43 ,8

Sulphur, S...... 32 .06 II 16 .03

Teilurium, Te . . 127.6 II 63.8

Thallium, Tl. . . . 204.1 I—III , 204.1 — 68.03

Thorium, Th. . . . 232.5 IV 58.13

Tin, Sn ......... 119.0 II—IV 59.5 -— 29.75

Tungsten, W... . 184.0 IV—VI 46.0 —- 30.67

Uranium, U ..... 239.5 IV—VI } 59.88 — 39.92

Vanadium, V .. 51.2 III-V I 17.07 — 10.24

ch,Zn........ 65.4 | II 32.7

 

l l

The names of non-metallic elements in the above table

are printed m Italics. In: atomic vyelghts given are based

on oxygen, 0 = 16
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valent according to whether its atoms hold the atoms of

other elements in combination in the proportion of one, two.

three, tour, etc. Hydrogen is monovalent and oxygen

bivalent because 1 atom of oxygen holds 2 atoms of hydro

gen, as represented by the symbol H20. Some elements.

for instance, copper, have two or more difierent valencies

because they unite in different proportions with certain

other elements to form difierent compounds. Thus there is

cuprous chloride, CuCl. and cupric chloride, CuCk.

ELECTROLYTIC ACTION

A current of electricity in passing through an electrolyte

decomposes it; e. g.. an electrolyte consisting of zinc chloride

(usually dissolved in water) is broken up into chlorine gas

and metallic zinc. An electrolytic cell consists of a vessel

 

  

ELECTROLYTIC CELL

cOntaining the electrolyte and the electrodes—the anode

and the cathode; these are usually metal or carbon plates.

The two parts into which the electrolyte is decomposed are

called ions; those ions that appear at the anode are called

anions and those at the cathode are called cations. In

decomposing zinc chloride, zinc appears at the cathode and

is thus a cation. and chlorine gas appears at the anode as an

811103



CHEMICALANDELECTROCHEMICALEQUIVALENTS

=BASEDonAmineWBIGHTorOXYGEN-=

—.001118.TanNamesorNon-Mu

16ANDELECTROCHEMICALEQUIVALnN-rorSiLvnn
  

Nameof

ElectrochemicalEquiv

Nameof

TALLICELEMENTSARRPRINTEDmITALXCS.

ElectrochemicalEquiv

 

  

CommonCommon

ElementalentGramsperElementalentGramsper

andSymbolvalenceCoulombandSymbolvalenceCoulomb

Aluminum,Al..III.00009354Mercury,Hg...I-II.00207172—.00103586
Antimony.5b..III—V.00041504—.00024902Nickel,N1......II—III.00030402—.00020272Arsenic,A:.....111-v.00025997—.00015538Nitrogen.N.---III—V.00004848—-00002911

Barium,Ba....II.00071164Oxygen,O......II.00008287Bismuth,Bl....III‘V.OOO71992—.00043195Palladium.Pd..IV.00027585

Boron,.......III.00003802Phosphorus,P..III—V_000107(X]—.00006422

Bromine,Br...1.00082827Platinum,Pt...IV.00050446Cadmium,Cd.II.00058216Potassium,K..I.00040554
Calcium,Ca....II.00020768Seleniumnse...II.00041020Carbon.C......IV.00003108Silicon,51......IV.00075346Chlorine,Cl....I.00036721Silver.Ag......I.00111800Chromium.Cr..II—VI.00026984—.00008991Sodium.Na....I.00023877Cobalt,C0.....II—III.00030558—.00020375Strontium,$1..II.00045371Copper,Cu....I—II.00065881—.00032940Sulphur,5.....II.00016606Fluon'ne,F.....I.00019681Tellurium,Te..II.00066088

Gold,Au.......III.00068087Thallium,Tl...I—III.00211419—.00070470

Hydrogen,H...I.00001044Thorium,Th...IV.00060215

Odine.I.......I.00131399Tin,Sn........II—IV.00061634—.00030817
Iron.Fe...II~III.00028952—.00019298Tungsten,W...IV—VI.00047650—.00031769Lead,Pb.......II—IV.OOlO7160—.00053585Uranium,U....IV—VI.00062027—.00041352

Lithium,Li....I.00007282Vanadium,V..III—V.00017682—.00010607

Magnesium,Mg11.00012617Zinc,Zn.......11.00033873

Manganese,1k!nII—VII.00028486—.00008142
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The chemical equivalent of an element is the quotient of

the atomic weight divided by the valence. The electro

chemical equivalent of an element is the weight in grams

liberated electrolytically by 1 coulomb (1 amperesecond)

of electricity. The electrochemical equivalent. is propor

tiOnal to the chemical equivalent. The electrochemical

equivalent of silver has been accurately determined by

experiment as .001118 gram, and that of each of the other

elements can be calculated from this. For example, the

3

X -001118electrochemical equivalent of aluminum is

— .00009354 gram.
 

HEAT

SPECIFIC HEATS OF METALS

The specific heat of a substance is the number of heat

units required to raise a unit mass of the Substance one

degree in temperature. The specific heat of water is very

nearly constant for all temperatures, but that at its tem

perature of maximum density (4° C. or 391° F.) is consid‘

erecl unity. The specific heats of most substances increase

with increasing temperatures.

 

 

  

Specific Heat at

Substance

0° C. ° . 100° C.

or 32" F. or 122° F. or 212° F.

Aluminum........ .. .. . .2070 .2185 .2300

Oopper................ .0901 .0923 .0966

German silver . . . . . . . . . .0941 .0947 .0952

Iron.................. .1060 .1130 .1200

Lead....... .0300 .0315 .0331

P1atinum....... ~. .. .. . .0320 .0326 .0333

Platinum silver ......... .0473 .0487 .0581

Silver...... .. . ........ .0547 .0569 .0591

.0523 .0568 .0595

.0901 .0938 .0976
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TEMPERATURE OF FUSION

 

Fusing Point, Degrees

 

 

  

Substance

F. C.

1.160 627

Infusible Infusible

1.931 1.054

1.913 1,045

Iridium ..... . ......... . .. .. .. .. .. 3.542 1.950

Iron.cast....................... 2.192 1.200

1ron.wrought.... .. .. .. .. 2.912 1,600

617 325

—37.8 —38.8

Nickel..... ................ . .. 2.642 1.450

Osmium... . ......... .. .. .. 3.900 2200*

Platinum........................ 3.225 1.774

Silver,pure...................... 1.749 954

Steel ............................ 2.520 1.382

235 114.5

Tantalum ....... 3,865 2.150"l

Tin ..... b551 b233

a ove a ove
Tungsten........................ 3,420 1900‘,

 

 

 

*J. Swinburne. F. R. 8.. Proc. British Institution of Elec

trical Engineers. Jan. 10. 1907.

HEAT UNITS

One British thermal unit (B. T. U.) is the quantity of heat

required to raise the temperature of 1 lb. of pure water 1° F.

at or near its maximum density. 39.1” F.

One calorie is the quantity of heat required to raise the

temperature of 1 Kg. of water 1" C. at or near 4° C.

1 B. T. U. = .252 calorie and 1 calorie = 3.968 B. '1‘. U.

One small. or gram. calorie (a heat unit also in some use)

is the quantity of heat required to raise the temperature

of 1 gram of water 1° C. at or near 4“ C.
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COEFFICIENTS OF LINEAR EXPANSION

The coeflicient of expansion of a body is its expansion

per degree rise of temperature. The coefficient of surface

expansion is double, and that of cubical expansion three

times, the coefficient of linear expansion.

 

 

  

Coefiicient of Linear

Substance Expansion in Inches per

Degree F

Aluminum................. .00001140

rass ..... .. .00001040

.00000306

Cement and Concrete. . . . . . . “an

Copper.................... f

rorn .

to 00000521

....... .00000841

Granite .......... . . ...... . . .00000460

Iron, cast ..... .00000587

Iron, wrought. . . . . . . . . . . . . . .00000677

.00001580

Marble.................... f

rom .
Masonry. . .. .. .. .. . ........ { to 00000490

Mercury................... .00003334

Platinum.................. .00000494

Porcelain.................. f

rorn .
Sandstone. . . . .. .. . . . ...... to 00000670

Steel, untempered ........... .00000599

Steel, tempered ............. .00000702

.00001160

Wood (pine) .00000276

.00001634

 

 

For example, a 60-ft. steel rail in warming from 20° F,

below new to 100° F. will expand 120 X .00000599 X 60

X 12 = .5175 in.

THE MECHANICAL EQUIVALENT OF HEAT

113. T. U. = 778 ft.~1b.

l

l ft.-lb. = F8 — .001285 B. T. U.

’ H. P. = 33,000 ft.-lb. per min. = 42.416 B. T. U. per min.
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CENTIGRADE AND FAHRENHEIT DEGREES

Deg. Deg. Deg. Deg; Deg. Deg Deg. Deg.

C. F. C. F. C. F. C. F.

0 32.0 26 78.8 51 123.8 76 168.8

1 33.8 27 80.6 52 125.6 77 170.6

2 35.6 28 82.4 53 127.4 78 172.4

3 37.4 29 84.2 54 129.2 79 174.2

4 39.2 30 86.0 55 131.0 80 176.0

5 41.0 31 87.8 56 132.8 81 177.8

6 42.8 32 89.6 57 134.6 82 179.6

7 44.6 33 91.4 58 136.4 83 181.4

8 46.4 34 93.2 59 138.2 84 183.2

9 48.2 35 95.0 60 140.0 85 185.0

- 10 50.0 36 96.8 61 141.8 86 186.8

11 51.8 37 98.6 62 143.6 87 188.6

12 53.6 38 100.4 63 145.4 88 190.4

13 55.4 39 102.2 64 147.2 89 192.2

14 57.2 40 104.0 65 149.0 90 194.0

15 59.0 41 105.8 66 150.8 91 195.8

16 60.8 42 107.6 67 152.6 92 197.6

17 62.6 43 109.4 68 154.4 93 199.4

18 64.4 44 111.2 69 156.2 94 201.2

19 66.2 45 113.0 70 158.0 95 203.0

20 68.0 46 114.8 71 159.8 96 204.8

21 69.8 47 116.6 72 161.6 97 206.6

22 71.6 48 118.4 73 163.4 98 208.4

23 73.4 49 120.2 74 165.2 99 210.2

24 75.2 50 122.0 75 167.0 100 212.0

25 77.0

TEMPERATURE

The temperature of a body is its degree of sensible heat.

For the measurement of temperatures there are three kinds

of thermometers: the Fahrenheit. abbreviated F. or Fahr..

commonly used in America; the Centigradel abbreviated C.

or Cent., used in France and by scientists everywhere; and

the Réaumur, abbreviated R. or Réau., used in Germany.
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Standani Points Degree: F. Dan“: C. Dtgru's R.

Boiling point of water at

sea level; i. e.. pressure 212 100 80

= 1 atmosphere .....

Melting point of ice ....... 32 0 0

Absolute zero. i. e.. the

total absence of heat; — 460 — 273 - 219

theoretical only ......

Between boiling point and freezing point =- 180° F.

= 100° C. = 80° R.

Temp. F. = 2 Temp. C. + 32° = 4gtTemp. R. + 32°.

Temp. C. = g (Temp.F.—32°) = gTemp. R.

Temp. R. = 3(Temp. F.—32°) = gTemp. O.
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MATHEMATICAL TABLES

CIRCUMFERENCES AND AREAS or CIRCLES FROM

 

 
 

    

1-64 TO 100

|

Diam. E Circum. Area Diam. Circum. Area

51; .0491 .0002 4 12.5664 12.5664

g}; .0982 .0008 4} 12.9591 13.3641

1‘; .1963 .0031 4 13.3518 14.1863

1‘ .3927 .0123 4 13.7445 15.0330

. .5890 .0276 4: 14.1372 15.9043

3' .7854 .0491 4 14.5299 16.8002

.9817 .0767 4* 14.9226 17.7206

3' 1 .1781 .1104 41- 15.3153 18.6555

1 .3744 .1503 5 15.7080 19.6350

J! 1.5708 .1963 5% 16.1007 20.62901 .7671 .2485 51 16.4934 21 .6476

a 1 .9635 .3068 5} 16.8861 22.69072.1598 .3712 5; 17.2788 23.7583

13 2.3562 .4418 5 17.6715 24.8505

2.5525 .5185 5; 18.0642 25.9673

i 2.7489 .6013 55' 18.4569 27.1086

1% 2.9452 .6903 6 18.8496 28.2744

1 3.1416 .7854 6% 19.2423 29.4648

1: 3.5343 .9940 . 6} 19.6350 30.6797

1 3.9270 1 .2272 68- 20.0277 31.9191

If 4.3197 1 .4849 64* 20.4204 33.1831

1; 4.7124 1.7671 6; 20.8131 34.4717

1 5.1051 2.0739 6‘ 21.2058 35.7848

1 5.4978 2.4053 67; 21 .5985 37.1224

1 5.8905 2.7612 7 21.9912 38.4846

2 6.2832 3.1416 7Q 22.3839 39.8713

2i 6.6759 3.5466 71* 22.7766 41.28262 7.0686 3.9761 7 23.1693 42.7184

2} 7.4613 4.4301 7% 23.5620 44.1787

2* 7.8540 4.9087 7 23.9547 45.6636

2 8.2467 5.4119 7% 24.3474 47.1731

2 8.6394 ~ 5.9396 75- 24.7401 48.7071

2 9.0321 6.4918 8 25.1328 50.2656

3 9.4248 7.0686 8* 25.5255 51.8 87

31 9.8175 7.6699 8} 25.9182 53.4 63

3 10.2102 8.2958 Sir 26.3109 55.0884

33* 10.6029 8.9462 8% 26.7036 56.7451

3 10.9956 9.6211 8Q 27.0963 58.4264

3 1 1 .3883 10.3206 8% 27.4890 60.1322

3 11 .7810 11.0447 8 27.8817 61.8625

3 12.1737 11.7933 9 28.2744 63.6174
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TABLE-(Continued)

Diam. Circum. Area Diam. Circum. Area

9 28.6671 65.3968 19 61.2612 298.648

9 29.0598 67.2008 19 62.0466 306.355

9 29.4525 69.0293 20 62.8320 314.160

9 29.8452 70.8823 20} 63.6174 322.063

9 30.2379 72.7599 20} 64.4028 330.064

9 30.6306 74.6621 20} 65.1882 338. 164

9 31.0233 76.589 21 65.9736 346.361

10 31.4160 78.540 21} 66.7590 354.657

10} 32.2014 82.516 21} 67.5444 363.051

10} 32.9868 86.590 21} 68.3298 371 .543

10} 33.7722 90.763 22 69.1152 380.134

1 1 34.5576 95.033 22} 69.9006 388.822

1 1 } 35.3430 99.402 22} 70.6860 397.609

11} 36.1284 103.869 22} 71.4714 406.494

11} 36.9138 108.434 23 72.2568 415.477

12 37.6992 1 13.098 23} 73.0422 424.558

12} 38.4846 1 17.859 23} 73.8276 433.737

12} 39.2700 122.719 23} 74.6130 443.015

12} 40.0554 127.677 24 75.3984 452.390

13 40.8408 132.733 24} 76.1838 461.864

13} 41 .6262 137.887 24} 76.9692 471.436

13} 42.4116 143.139 24} 77.7546 481.107

13} 43.1970 148.490 25 78.5400 490.875

14 43 .9824 153.938 25} 79.3254 500.742

14} 44.7678 159.485 25} 80.1108 510.706

14} 45.5532 165.130 25} 80.8962 520.769

1411 46.3386 170.874 26 81.6816 530.930

15 47.1240 176.715 26} 82.4670 541.190

15} 47.9094 182.655 26 83.2524 551.547

15} 48.6948 188.692 26 84.0378 562.003

1 5} 49.4802 194.828 27 84.8232 572.557

16 50.2656 201.062 27} 85.6086 583.209

16} 51.0510 207.395 27} 86.3940 593.959

16} 51.8364 213.825 272 87.1794 604.807

16} 52.6218 220.354 28 87.9648 615.754

1 7 53.4072 226.981 28} 88.7502 626.798

17 54.1926 233.706 28} 89.5356 637.941

17 54.9780 240.529 28} 90.3210 649.182

172 55.7634 247.450 29 91.1064 660.521

18 56.5488 254.470 29} 91.8918 671.959

18} 57.3342 261.587 29% 92.6772 683.494

18 58.1196 268.803 29} 93.4626 695.128

18 58.9050 276.117 30 94.2480 706.860

19 59.6904 283 .529 30} 95.0334 718.690

19} 60.4758 291.040 30} 95.8188 730.618
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TABLE—(Continued)
 

 

 
  

 

 

Diam Circum. Area Diam. Circum. Area

30i 96.6042 742.645 42 131.947 1.385.450

31 97.3896 754.769 42} 132.733 1.401.990

31} 98.1750 766.992 42% 133.518 1 ,418.630

314 98.9604 779.313 422 134.303 1 435.370

31 1 99.7458 791 .732 43 135 .089 1 ,452 .200

32 100.5312 804.250 43 135.874 1.469.140

32} 101.3166 816.865 434 136.660 1 486.170

32§ 102.1020 829.579 43 137.445 1 3.300

32} 1028874 842.391 44 138.230 1 .520.530

33 103.673 855.301 44 139.016 1 537.860

33} 104.458 868.309 44; 139.801 1,555.29

33; 105.244 881.415 44 140.587 1,572.81

33 106.029 894.620 45 141.372 1,590.43

34 106.814 907.922 45 142.157 1,608.16

34} 107.600 921 .323 45 r 142.943 1 ,625.97

108.385 934.822 45 143.728 1,643.89

34 109.171 948.420 46 144.514 1,661.91

35 109.956 962.1 15 46} 145.299 .680 .02

351' 110.741 975.909 46; 146.084 1,698.23

35 111.527 989.800 46 146.870 1,716.54

35 112.312 1.003.790 47 147.655 1,734.95

36 113.098 1.017.878 47 148.441 1,753.45

36 113.883 1.032.065 47 149.226 1,772.06

36 114.668 .046.349 47 150.011 1,790.76

36 115-454 1.060.732 48 150.797 1,809.56

37 116.239 1.075.213 48} 151.582 1,828.46

37} 1 17.025 1 089.792 481 152.368 1,847.46

37: 117.810 1 104.469 48} 153.153 1,866.55

37 118.595 1 119.244 49 153.938 1,885.75

38 119.381 1.134.118 49 154.724 1,905.04

38 120.166 1 149.089 49; 155.509 1,924.43

38y 120.952 1.164.159 49 156.295 1,943.91

38 121.737 1 179.327 50 157.080 1.963.50

39 122.522 1 194.593 50% 158.651 2.002.97

39% 123.308 1.209.958 51 160.222 2,042.83

39§ 124.093 1.225.420 51*} 161.792 2,083.08

39} 124.879 1 240.981 52 163.363 2,123.72

40 125.664 1.256.640 52% 164.934 2,164.76

40r 126.449 1, 72.400 53 166.505 2,206.19

40 127.235 1.288.250 53% 168.076 2,248.01

40 128.020 1.304.210 54 169.646 2,290.23

41 128.806 1. 20.260 541- 171.217 2,332.83

41 129.591 1 336.410 55 172.788 2,375.83

41 y 130.376 1.352.660 551- 174.359 2,419.23

41 131.162 1.369.000 56 175.930 2,463.01
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TA law—(Continued)

Diam Circum. -Area Dian-1. Circum. Area

56‘) 177.500 2,507.19 78} 246.616 4,839.83

57 179.071 2,551.76 79 248.186 4 901.68

571} 180.612 2,596.73 79} 249.757 4,963 .92

68 182.213 2,642.09 80 251.328 5,026.56

58?; 183 .784 2,687.84 80} 252.899 5 ,089.59

59 185.354 2,733.98 81 254.470 5,153.01

591 186.925 2,780.51 81*) 256.040 5,216.82

60 185.496 2,827.44 82 257.611 5,281 .03

605 ‘ 190.067 2874.76 82% 259.182 5,345.63

61 1 191.638 2,922.47 83 260.753 5,410.62

614) K 193 .208 .9. 0.58 83’} 262.324 5,476.01

62 194.779 3,019.08 84 263.894 5,541.78

624) 196.350 3 ,067.97 841) 265.465 5,607.95

63 197.921 3,117.25 85 267.036 5,674.51

63% 199.492 3,166.93 853; 268.607 5,741.47

64 201.062 3,217.00 86 270.178 5,808.82

64¢} 202 .633 3,267.46 86; 271.748 5,876.56

65 204.204 3,318.31 87 273.319 5,944.69

651 205.775 3,369.56 87¢} 274.890 6,013.22

66 207.346 .4212 88 276.461 6,082.14

661} 208.916 3.473 24 88‘} 278.032 6,151.45

67 210.487 3,525.66 89 279.602 6,221.15

671 212.058 3,578.48 89} 281.173 6,291.25

68 213.629 3,631.69 90 282.744 6,361.74

684; 215.200 3,685.29 90§ 284.315 6,432.62

69 216.770 3 ,739.29 91 285.886 6,503.90

691; 218.341 3,793.68 91‘} 287.456 6,575.56

70 219.912 3,848 .46 92 2895027 6,647.63

70% 221.483 3,903.63 921} 290.598 6,720.08

71 223.054 3,959.20 93 292.169 6,792.92

714} 224.624 4,015.16 93* 293.740 6,866.16

72 226.195 4,071.51 94 295.310 6,939.79

72% 227.766 4,128.26 94} 296.881 7,013.82

73 229.337 4,1 85 .40 95 298.452 7,088.24

73’} 230.908 4,242.93 95'} 300.023 7,163 .04

74 232.478 4,300.85 96 301.594 7,238.25

74* 234.049 4,359.17 96% 303.164 7,313.84

75 235.620 4,417.87 97 304.735 7389.83

75} 237.1 91 4,476.98 971- 306.306 7,466.21

76 238.762 4,536.47 98 307.877 7,542.98

761‘ 240.332 4 596.36 98} 309.448 7620.15

77 241.903 4.65664 99 311.018 7.697.71

77‘} 243.474 4,717.31 99} 312.589 7,775.66

78 245.045 4,778.37 100 314.160 7 854.00
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DECIMAL EQUIVALENTS OF PARTS OF ONE INCH
 

1—64 .015625 17—64 .265625 33—64,.515625 49—64!.765625

1—32 .031250 9—32 .281250 17—32 .531250 25—32:.781250

3—64 .046875 19—64 .296875 35—64 .546875 51—64 .796875

1—16 .062500 5—16 .312500 9—16 .562500 13—16 .812500

H4 .078125 21—64 .328125 37—64 .578125 53—64 .828125

3—32 093750 11—32 .343750 19—32 .593750 27—32|.843750

7—64 .109375 23—64 .359375 39—64 .609375 55—64 .859375

1—8 '.125000 3—8 .375000 5—8 .625000 7—8 .875000

9—64'110625 25—64 .390625 41—64;.640625 57—64 .890625

5-32 .156250 13—32 .400250 21-32 .656250 29412906250

11—64 .171875 27—64 .421875 43—64 .671875 59—64 .921875

23—16 .187500 7—16 .437500 11—16 .687500 15—16 .937500

13—64 .203125 29—64 .453125 45—64 .703125 61-64 .953125

7—32 .218750 15—32 .468750 23—32m718750 31—32'.968750

15—64’234375 31—64 .484375 47—64l.734375 63—64 .984375

1-4 $250000 1—2 5.500000 8-4 §.750000 1 l

 

 

TRIGONOMETRIC FUNCTIONS

The table given on pages 28—27 contains the natural sines.

cosines. tangents, and cotangents of angles from 0° to 90°.

Angles less than 45° are given in the first column at the left

hand side of the page, and the names of the functions are

given at the top of the page; angles greater than 45° appear

at the right»hand side of the page. and the names of the func

tions are given at the bottom. Thus, the second column con

tains the sines of angles less than 45° and the cOSines of angles

greater than 45°; the sixth column contains the cotangents of

angles less than 45° and the tangents of angles greater than

45°. To find the function of an angle less than 45°. look in

the column of angles at the left of the page for the angle, and

at the top of the page for the name of the function; to find

a function of an angle greater than 45°, look in the column

at the right of the page for the angle and at the bottom of the

page for the name of the function. The successivev angles

difier by an interval of 10’; they increase downwards in the

left-hand column and upwards in the right-hand column.

Thus, for angles less than 45° read down from top of page, and

for angles greater than 45° read up from bottom of page.

The third, fifth, seventh, and ninth columns. headed d,

contain the differences between the successive functions; for
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example, the sine of 32° 10' is .5324 and the sine of 32° 20' is

.5348. as given in the second column. page 26'. the difi'erence

is 5348—5324 = .0024. and the 24 is written in the third

column. just opposite the space between .5324 and .5348. In

like manner. the differences between the successive tabular

values of the tangents are given in the fifth column. those

between the cotangents in the seventh column. and those for

the cosines in the ninth column. These differences in the

functions correspond to a. difference of 10’ in the angle; thus.

when the angle 32° 10' is increased by 10'. that is. to 32° 20’.

the increase of the sine is .0024, or. as given in the table. 24.

In the tabular difference. no attention is paid‘to the decimal

point. it being understood that the difierence is merely the

number obtained by subtracting the last two or three figures

of the smaller function from those of the larger. These dif

ferences are used to obtain the sines. cosines, etc. of angles

not given in the table; for example. to find the tangent of

27° 34’ find in the table the tangent of 27° 30'. .5206, and (in

column 5) the difference for 10’, 37. Difi’erence for 1’ is

37+ 10== 3.7, and difference for 4' is 3.7><4 = 14.8. Add

ing this difference to the value of the tan 27 ° 30'. gives

tan 27° 30' = .5206

difference for 4' = 14.8

 

tan 27° 34’ = .52208, or .5221. to four places.

Since only four decimal places are retained. the 8 in the

fifth place is dropped and the figure in the fourth place is

increased by 1. because 8 is greater than 5.

To avoid multiplication. the column of proportional parts.

headed P. P., at the extreme right of the page. is used. At

the head of each table in this column is the difference for 10'.

and below are the differences for any intermediate number

of minutes from 1’ to 9'. In the above example, the differ

ence at 27° 30’ for 10' was 37; looking in the table with 37 at

the head, the difference opposite 4 is 14.8; that opposite 7 is

25.9; and so on. For want of space. the differences for the

cotangents for angles less than 45° (or the tangents of angles

greater than 45°) have been omitted from the tables of pro

portional parts. The use of these iunctions should be
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d—' Tan- <1 Go -0.0000 _' to (1 C0 -23 00029 29 infinit. ' l P29 0:0058 29 343-7787 “0000 0 0 90 - P.

29 0.0037 29 171.8854 1-000() 0 5O

29 0.0116 29 14-5887 1-0000 0 4080 0'0145 29 233238 5%38 1 30 1 30

’9 0'0204 29 2900 099 1 1° 3! 3'0
29 0.0233 29 4'9.1039 81861 ' 98 0 089 ‘ 12.0

29 0.0262 29 42-9641 61398 0-9998 1 50 5 15%

29 0.0291 29 33-1885 47756 0-9991 0 40 6 18'0

0,0320 29 3.4.3678 38207 0.9997 3 7 21.

29 31.24 31262 0.999 1 O .00.0349 29 16 0 6 1 20 8 2.4.0

1’9 .—-__ 28.63 26053 £995 1 9 2 '

129 0.0373 29J 099—— 1 0 7'0
39 0.0407 29 26-4316 22047 1 0

a @437 30 24.5418 18598 0.9993 1 50

:9 0.0466 29 212-9038 16380 0.9992 2 40 .1 _29

9 0.0495 29 21-4704 14334 0-9990 1 30 2 2.9

00.. 29 20-2056 12648 0-9989 .10 5.8

'29 ' 024 _ 0398 1 3 l 81

29 0.055.», 29 322%} 11245 (Ti 2 10 4 111629 0-0582 29 18.0150 10061 3986 1 087 5 14.15

80 0-0612 30 17-1693 9057 0-9985 2 50 6 11,4

29 0,0641 29 16.34.99 8194 0.9983 2 40 7 20.3

29 0.0670 29 15.6048 7451 0.9981 1 30 8 232

006 29 14.9244 6804 0-9980 2 20 ‘9 26,1

28 0.0 99 so 14300., 6237 03978 2 10- 72 *»_s_ ..

29 0.0753 29 13-7267 5740 0'—99_‘6_ ., 085 28

29 (Lo-[87 29 13.1969 5298 0.9974 5 50 1 28

29 0.0316 29 12.7062 4901 0.9971 2 :40 2 56

0.0846 30 12.2505 4557 0.9969 V 3 ~

29 11 4243 0.99 2 30 8.4

0.0875 29 '8262 099‘?! 3 20 4 11.2

23 00904 29 11.4301 3961 0' (“f 2 10 g 14.0

29 0-0984 30 11-05é71 8707 '9’”. 085 1 1ig'829 0.0963 29 10.7119 8415 0-9959 ? 50 8 {2.2-6

0.102 80 10.0780 130740.995. 3 .2

29 2 0 . 3 30

01051 29 2898 3931 3 20

29 . 9r 273 0-994329 0-1080 29 ")14} 8 6ml 3 10 1 5

29 0-1110 30 9-2553 2591 41-? 0 34 2 0.5
29 0-1139 29 9-0093 2455 0-9912 3 50 3 1.0

29 0,1169 so 8.7769 2329 0.9939 3 40 ‘ 1,5

0.1198 29 8-5555 2214 0.9936 3 30 5 2.0

29 8.341; 2100.993- 4 2.5

01- 30 ~0 5 l 90 6
29 '228 0.9929 3 " 3.0

28 0'1257 29 81443 2007 (fir- 4 1° 7 3.529 0-1287 30 7.953?) 1913 ' “’25 0 83' g 44)29 0.1317 30 7.7704 1826 0.9922 3 50 4.5

29 0.1346 29 7.5958 1745 0-9918 4 40

0 30 7.4.0 - 167 0.991 4 .0 29 7.2637 1600 0.9911 2 4

29 .1405 so 7 1154 15°51 0'9907 4 18 i 0"

23 0-1435 ' _ " “is. 4 03

29 0.1465 80 6-9682 1472 0'99”. 4 o 82 3 1.229 0.1495 30 6.8269 1413 0.9899 50 4 16

29 0.1524 29 6-6912 1351 0-9894 5 40 5 2.0

28 0.1554 30 6-5606 1306 0-9890 4 30 6 u

m- 30 in“; 1255 0-9886 g 20 7 m

a" ' 4 __ 6.5313 1210 0'9881 10‘ 3 3.20 Got. d 0.9877 4 0 3_6' Tan, d s, _ 8|
111' d. ' o P. P 

'
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° ’ $111. (1. Tan. (1. Got. d. Cos. d. P. P. 1

9 00.1564 29 0.1504730 6.31314 0.0311 5 0 3|

10 0.1503129 0.1614 2,70 6.1970733: 0.9872 7 50

20 0.162228 0.1644 79 6.0844770% 0.98168 5 40 82 3| 80

30 0.165029 0.167330 5015517050 0.0063l 5 30 1 3-2 3-1 8.0
40 0.1619129 0.1103 30 561061014 006531 5 20 2 6.4 6.2 6.0

5001106128 0.1133 30 5.1604 981 0.03.13 5 10 2 13:13:12.:

10 0.1105179 01193 30 5.5104 91., 09843 5 50 6 19: 18.6 18.0

20 0.1794128 0.1823 30 996 0.9838 5 40 7 22.4 21.7

30 0.1322129 0.135330 5.3055 577., 0.983‘ 6 30 s 25.6!24.a 24.0

40 0.1851 29 0.1883 31 5.3093 83;; 0.0321 5 20 9 20.01210 21.0

50 0.1030 28 0.1014 30 5.2251 811 09022 6 10

1| 00.10001 0.1044 5.1446, 0.9616 7 0 79
i-‘zs .77: 30 7-;. 788' _ 5 , 29 28 21

10 01.13728 0.1.)14‘30 0.0008 764 0.97511 6 00 1 29 28 27

20 0.1965129 0.2004131 4.0504, 7422 0.00057 6 40 2! 5'8 5'6 5"

30 0.10947. 0.2033730 4.9152: 72., 0.0190 6 30 3 8'7; 8" 8'1

40 0.2022 129 0.2061 30 4.6430 70; 0.9103 6 20 4 {116 112 100

50 0.20511 0.2095‘ 4.1120 0.9161 10 5 “'514'013'5
~ 12 -v-31 -~ 683 6 - - -

lg 0 0.2019. 0.21261 4.1046 0.9131 0 73 6 11.4 16.8 16.11A. ‘29 —. ,.‘30 —.~. 664 .1: 6 , 1 20.319.616.11

20 0.2136Y28 0.2186 31 4.5136 6.,9 0.9169 6 40 9 76-1 25-2 2":
30 0.2164529 0.2211130 4.5101 673 0.0163 6 3o ' ~ -

40 0.2193 28 0.2247 31 4.4494 597 0.9757 7 20

50 0.2221 29 0.2278731 4.3601 580 0.9150 6 10 97 8

‘3 0 0.2250 28 0.2309180 4.3315 56; 0.01447 7 0 17 1 103103

10 0.2218 28 0.2330 31 4.2141 55; 0.9131; 7 50 2 11.8 1.6

20 0.2306 28 0.2310I31 4.2193 540 0.0130 6 40 8 ‘23! 2.4
30 0.2334 29 0.240131 4.1653 527 0.012417 3 4 3.6 3.2

40 0.2363 28 0.2432 30 4.1126 515 0.01mi 7 20 5 4.5 4.0
50 0.2301 28 0.2462|31 4.0611 503 0.0110 7 10 173 2.; 3.:

. . . ._ . .

74 00.2419 28 0.2433.31 4.0108 791 0.3103 7 075 8 h)!“

10 0.2441 29 0.2524731 3.9611 481 0.0606 7 50 913.111.:

20 0.2476 28 0.255531 3.9136 469 0.9689 8 40

30 0.2504128 0.2586 31 3.0601 459 0.9681 7 30

40 0.2532 2s 0.2617731 3.8208 448 0.0614 7 20 7 5
50 0.2560 28 0.2648731 3.1160 439 0.0661 10 17010.6

'5 0 0.25331 0.2619"7 3.1321 430 0.9659 8 0 75

10 0.2616 0.211117% 3.6691 4:7l 0.9652 g 50 4121821
20 0.2644 5‘8 0.2142 .. 3.6410 411 0.0644 8 40 5 ‘3530

30 0.2612 28 0.2113 IQ, 3.6050 40.7 0.0636 8 :10 6 ‘42 3:6

400.2100 28 0.2305717; 3.5656 39:.) 0.0626 7 20 717.9772

500.2126 328361 3.5261 3 0.0621 10 3 {5.6146

75 00.2156 :2 0.200112; 3.4614 38; 0.9613 8 0 74 916-31“

10 0.2164 .28 0.2699 32 3.4405 {77 0.0605 g 50
20 0.2312 78 0.2931131 3.4124 '36,.) 0.0596 8 40 5 7

30 0.2340 28 0.2962139 3.3159 357 0.9588 8 30 1 0510 7’

40 0.2868 28 0.2994 3; 3.3402 350 00530 8 20 2 7'0'0'8

50 0.2896 2 0.302613: 3.3052 3 3 0.9512 10 311's 1'2

n 00.2024 0: 0.305117; 3.2100 ‘2 0.0563 9 0 73 412.0 1.6

10 0.2952 57 0.311311%; 3.2311 0.0555 g 50 5 12-5 1°20 0.2919 .28. 0.3121172 3.2041 377 0.0546 9 40 6 M F-*

30 0.3001 28- 03153;;32 3.1116 37;J 0.0531 9 30 7 ‘3-5 1-840 0.303: 27 0.3165 37 3.1391 313 0.0520 8 20 8 4-0 33

500.3062 2 0.3211 3.1064 0.9520 10 914-5 3-6

l8 00.3090 8 0.3240 3.0111 307 09511 9 072

Cos. d. Got. 6.. Tan. (1. Sin. (1. ' ° I. E'.
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Sin. *0. .108.Tan. (1. Got.

 

 

  

.3 0 0.3090

 

0.3249 3.0777
 

I2810 0.3110 7
)

20 0.3145 '58

30 0.3113 28
40 0.3201 127

50 0.3228

0 0.3256 27

10 0.3283 [28

20 0.3311 ,2,

30 0.3338 ,27

40 0.3365 '28

50 0.3393 ‘

 

0

 

  

 

0.3281

0.3314132

0.3346!”

0.3318133

0.3411,

 

3.0475

3.0178

2 .9887

2 .9600

2 .9319

2 .9042

2.8770

2.8502

2.8239

2.7980

2.7725

 

 

 

133

2.7475
 

0.3673 , _

0.3706lgg

0.3730 ‘ 33

0.3772 t 33
0.3805,

0.35391

33

2.7228

2.6985

2.6746

2.6511

2.6279

2.6051
 

 
0.3872'3

0.390613;

0.393931

0.3973133

.40 006 34

2.5826

2.560“)

2.5386

2.5172

2.4960 
 

0.4010

34

2.4751
 

 
0.4074:3

0.41083:

0.4142134

0.417634

0.42 0‘1 35

2.4545

2.4342

2.4142
2.39413r

2.3750
 

.42 '0 4o 34 11.3559 

  

0.4219
0.4314122

0.4348135

0.4383 34

0.4111]

2.3369

2.3183

2.2998

2.2817

2.2637
 

24 0 0—.4067 126 .35
2.2460 

10 0.409113;

20 0.4120127

40 0.4113 .27
50 0.4200;

25 0 0.12261;6

10 0.1253 ,2;
20 0.4219 126
30 0.4305 26
40 0.4331 {27

 

 

0.4452'

35
0.4487;3

0.4522

045517375

0.4592_:,6

0.162011

0.111035%

0.411119%?
0.4134133

0.41101
136

0.4806,35

 

 

2.2286

2.2113

2.1943

2.1775

2.1609

2.1445

2.1283

2.1123

2.0965

2.0809

2.0655

 

 50 0.1350 ,

26
0.430120 0 #126

10 0.4410 126

20 0.4436 £26

30 0.4462 126

40 0.4488 '26

50 0.4514

27 00.4540 2_6

Cos. d.

 

25

0.10111i0.4011136

0.491312?

0 .

 

.49 ‘0‘
0.498613%
0.502237
0.5059

   

2.0503

2.0353

2.0204

2.0057

1.9912

1.9768

1.9626

Tan.

 

 

297

291

287

281

277

272

268

263

259

255

250

247

243

239

235

232

228

225

221

219

21-1

212

209

206

203

200

197

195

191

190

186

185

181

180

177

174

173

170

168

166

164

162

160

158

156

154

152 '

150

149

147

145

144

142

 

0.9511

0.9502 1

0.9492

0.9483

0.9114.

0.9465
0.9155 13

0.174% 10

0.9130
0.9426 13

0.9411 10

0.9401
10

0.9301

10
0.9387 10

0.9311 10

0.9361] 1,

0.9356 10

0.9346' 10

0033—6 H
0.9325 10

0.9315 11

0.9304 11

0.9293 10

0.9283

11
0

0.9.72 11

0.9261 11

0.9230 11

0.9239 11

0.9228 12

1252.211
A 11

0.9194 12

0.9182 11

0.9171 12

0.9159 12

0.9147

12

11

0.0135

12
079m

0.9112 .

0.9100! {5

0.90881 1.;

0.9015‘ ‘

09063

01%, }§
0.9038 ,2
0.90261 13

0.0013 ,2

 
@QQQO'O

 

 

 

 

 

 

 

1‘2

 

 

0.801512

0.8962 13

0.8949: 13

0.8936! 3

0.892%“

0.0910

sm. <1.

 

0 72

50

40

30

20

10

50

40

30

20

10

0 70

50

40

:10

20

10

069

40

30

20

10

0 68

50
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o Sm. Tan. d. Cot. d. Cos. d. P P

0.5373 0:? “ -‘ * '— M“; ' -—
35 “23 "545 Hi" 84 "-8099 054 53 57 55 5

$352011.“ 8.7310 45 13630 83 0.3073 1; 50 1 1 5.3! 5 71 56 55
5-5.23 ._7.55 45 1.3597 83 0.6056 ~40 2 1143113112 '

38 3.23;; ‘24 8.1400 45 1.3514 8 0.3039 g 30 3 111.417.1‘16131151250 0.599523 0.4136 45 1.3432 81 0.3021 7 20 4 232,223'224 22.0

_.W“,23 . 46 .3351 81 9,30,04,18 10 5 .29.!)‘235 23.0 27.5

37 0 0E2 23 0.7536 45 1.3270 80 0.7936 0 53 ‘3 53-8042 33-6 33-0
. _ *4 4 - ' '10 0.0041 3.783146 79 8.7969 1; 50 121‘)
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23 0.7120 46 1.2954 78 0.7916 1.; 20 54 53152[ 5'
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q

avoided, if possible. since the differences change very rap

idly. and the computation is therefore likely to be inexact.

In finding the functions of an angle, note carefully whether

the difference obtained from the table of proportional parts

is to be added or subtracted. by observing whether the func

tion is increasing or decreasing as the angle increases. For

example, the sine of 21° is .3584, and the following sines.

reading downwards. are .3611, .3638, etc. The sine of 21° 6’

is greater than that of 21°, and the difierence for 6’ must be

added. On the other hand, the cosine of 21° is .9336. and the

following cosines, reading downwards, are .9325, .9315. etc.;

that is. as the angle grows larger the cosine decreases. and the

difference obtained for any angle between 21° and 21° 10’,

say 21° 6’, must be subtracted from the cosine of 21".

Suppose the function, i. e., the sine. cosine, tangent, or

cotangent is given and the corresponding angle is to be found;

for example, find the angle whose sine is .4943. First find

in the second column the sine next smaller than .4943, which

is .4924, and the difi'erence for 10’ is 26. The angle corre

sponding to .4924 is 29° 30'. Subtracting the .4924 from

.4943. the first remainder is 19; in the table of proportional

parts under 26, the part next lower than this diti'erence, is

18.2. opposite which is 7’. Subtracting 18.2 from 19 leaves

.8 as the second remainder. In the table under 26 is found

7.8, which with its decimal point moved one place to the left

is nearest to the second remainder, and opposite 7.8 is 3.

which indicates .3' or 18". Hence, the angle is 29° 30' + 7'

+ 18" =- 29° 37' 18".

INVOLUTION AND EVOLUTION

By means of the following table. the square. cube, square

root, cube root. and reciprocal of any number may be

obtained correct always to five significant figures. and in the

majority of cases correct to six significant figures.

In any number, the figures beginning with the first digit'

at the left and ending with the last digit at the right. are

*Ciphers (used merely to locate the decimal point) are

not digits.
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called the significant figures of the number. Thus, the num

ber 405,800 has the four significant figures 4, 0, 5. 8; and the

significant part of the number is 4058. The number

.000090067 has five significant figures, 9, 0, O, 6, 7. and

the significant part is 90067. All numbers that difier only

in the position of the decimal paint have the same significant

figures and the same significant part. For example, .002103,

21.03, 21,030, and 210,300 have the same significant figures

2, 1, 0, and 3. and the same significant part 2103.

The integral part of a number is the part to the left of the

decimal point.

Square and Cube Roots—If the given number contains less

than four significant figures, the required root can be found

in the table. the square root under V71, or VIOn, and the

cube root under ifn, $1671, or 'QIOOn, according to the num

ber of significant figures in the integral part of the number.

Thus, 03.14 = 1.112; 0312 = fi'fi's‘fi = 5.60357; 153

-= 1.46434; {31? = 0T6><314 = 3.15484;W = {Toox 3.14

=6.79688.

In order to locate the decimal point, the given number

must be pointed 03 into periods of two figures each for

square root and three figures each for cube root, beginning

always at the decimal point. Thus, for square root: 12703,

1’27’03; 12.703, 12.70’30;'220000, 22’00'00; .000442. .00’04’42;

and for cube root: 3141.6, 3’141.6; 67296428, 67’296’428:

.0000000217, .000'000’021’700, etc.

There are a: many figures in the rant preceding the decimal

point as there are periods preceding the decimal point in the

given number; if the number is entirely decimal, theI mat is

entirely decimal, and there are as many ciphers following the

decimal paint in the root as there are cipher period: following

the decimal point in the given number.

Applying this rule, VfiW-“MSQD‘L 71.00044 =.021024,

05131fi1=803113 and 0.00001'3=.0418.

If the number has more than three significant figures,

point off the number into periods, place a decimal point

between the first and second periods of the significant part

of the number, and proceed as in the following examples:
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_____ .-_ _ 1'n2 n3 \‘n \'1011 5n alO'n. 9100n 7T

3

 
1

1.0201 1.03030 1.00499 3.17805 1.00332 2.16159 4.65701 .990099

1.0404 1.06121 1.00995 3.19374 1.00662 2.16870 4.67233 .98039‘4

1.0609 1.09273 1.01489 3.20936 1.00990 2.17577 4.68755 .970874

1.0816 1.12486 1.01980 3.22490 1.01316 2.18278 4.70267 .9615”

1.1025 1.15763 1.02470 3.24037 1.01640 2.18976 4.71769 .952381

1.1236 1.19102 1 .02956 3.25576 1.01961 2.19669 4.73262 .943396

1.1449 1.22504 1 .03441 3.27109 1 .02281 2.20358 4.74746 .934579

1.1664 1.25971 1.03923 3.28634 1.02599 2.21042 4.76220 .925926

1.1881 1.29503 1.04403 3.30151 1.02914 2.21722 4.77686 .917431

1 .2100 1 .33100 1 .04881 3.31662 1.03228 2.22398 4.79142 .909091

1.2321 1 36763 1.05357 3.33167 1.03540 2.23070 4.80590 .900901

1 .2544 1.40493 1 .05830 3.34664 1.03850 2.23738 4.82028 .892857

1.2769 1.44290 1.06301 3.36155 1.04158 2.24402 4.83459 354956

1.2996 1.48154 1.06771 3.37639 1.04464 2.25062 4.84881 .877193

1.3225 1.52088 1 .07238 3.39116 1 .04769 2.25718 4.86294 .869565

1.3456 1.56090 1. 7703 3.40588 1.05072 2.26370 4.87700 .862069

1.3689 1.60161 1.08167 3.42053 1.05373 2.27019 4.89097 .854701

1.3924 1.64303 1.08628 3.43511 1.05672 2.27664 4.90487 .847458

1.4161 1.68516 1 .09087 3.44964 1.05970 2.28305 4.91868 .840336

1.4400 1 .72800 1 .09545 3.46410 1 .06266 2.28943 4.93242 .833333

1.4641 1.77156 1.10000 3.47851 1.06560 2.29577 4.94609 .826446

1.4884 1.81585 1.10454 3.49285 1.06853 2.30208 4.95968 .819672

1.5129 1.86087 1.10905 3.50714 1.07144 2.30835 4.97319 .813008

1.5376 1.90662 1.11355 3.52136 1.07434 2.31459 4.98663 .806452

1.5625 1.95313 1.11803 3.53553 '1.07722 2.32080 5.00000 .800000

1.5876 2.00038 1.12250 3.54965 1 .08008 2 .32697 5.01330 .793651

1.6129 2.04838 1.12694 3.56371 1.08293 2.33310 5.02653 .787402

1.6384 2.09715 1.13137 3.57771 1.08577 2.33921. 5.03968 .781250

1.6641 2.14669 1.13578 3.59166 1.08859 2.34529 5.05277 .775194

1.6900 2.19700 1.14018 3.60555 1.09139 2.35134 5.06580 .769231

1.7161 2.24809 1.14455 3.61939 1.09418 2.35735 5,07875 .763359

1.7424 2.29997 1.14891 3.63318 1.09696 2.36333 5.09164 .757576

1.7689 2.35264 1.15326 3.64692 1.09972 2.36928 5.10447 .751880

1.7956 2.40610 1.15758 3.66060 1.10247 2.37521 5.11723 .746269

1.8225 2.46038 1.16190 3.67423 1.10521 2.38110 5.12993 .7407“

1.8496 2.51546 1.16619 3.68782 1.10793 2.38696 5.14256 .735294

1.8769 2.57135 1.17047 3.70135 1.11064 2.39280 5.15514 .729927

1.9044 2.62807 1.17473 3.71484 1.11334 2.39861 5.16765 .724638

1.9321 2.68562 1.17898 3.72827 1.11602 2.40439 5.18010 .719425

1.9600 2.74400 1.18322 3.74166 1.11869 2.41014 5.19249 .714286

59-10:UHF“

''''''''cowwunknownNMNNNJMai-1L“'r-I'r-U-IL'v-l'r-W'o'cb000O

***aiwnwme-lchUHFLOHHGwen-1mOIvFOiNP‘033'—

 

1 1.9881 2.80322 1.18743 3.75500 1.12135 2.41587 5.20483 .709220

2 2.0164 2.86329 1.19164 3.76829 1.12399 2.42156 5.21710 .704225

3 2.0449 2.92421 1.19583 3.78153 1.12662 2.42724 5.22932 .699301

44 2.0736 2.98598 1.20000 3.79473 1.12924 2.43288 5.24148 .694444

.45 2.1025 3.04863 1.20416 3.80789 1.13185 2.43850 5.25359 .689655

.43 2.1316 3.11214 1.20830 3.82099 1.13445 2:44409 5.26564 .684932

.47 2.1609 3.17652 1.21244 3.83406 1 .13703 2.44966 5.27763 .680272

.48 2.1904 3.24179 1.21655 3.84708 1.13960 2.45520 5.28957 .675676

.49 2.2201 3.30795 1.22066 3.86005 1.14216 2.46072 5.30146 .671141

.50 2.2500 3.37500 I 1.22474 3.87298 1.14471 2.46621 5.31329 .666661
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2 .2801 8.44295 1 .22882 3.88587 1 .14725 2.47168 5.32507 .662252

2.8104 8.51181 1.28288 8.89872 1.14978 2.47713 5.83680 .657895

2.3409 8.58158 1.23698 8.91152 1.15280 2.48255 5.34848 .653595

2.8716 3.65226 1.24097 8.92428 1.15480 2.48794 5.36011 .649351

2.4025 3.72388 1.24499 8.93700 1 .15729 2.49382 5.37169 .645161

2.4386 3.79642 1.24900 8.94968 1.15978 2.49866 5.38321 .641026

2.4649 3.86989 1.25300 3.96282 1.16225 2.50399 5.39469 .686943

2.4964 8.94431 1.25698 8.97492 1.16471 2.50930 5.40612 .6829".

2.5281 4.01968 1.26095 3.98748 1.16717 2.51458 5.41750 .628931

2.5600 4.09600 1.26491 4.00000 1.16961 2.51984 5.42884 .625000

2.5921 4.17828 1.26886 4.01248 1.17204 2.52508 5.44012 .621118

2.6244 4.251511 1.27279 4.02492 1.17446 2.58080 5.45136 .617284

2.6569 4.88075 1.27671 4.03783 1.17687 2.53549 5.46256 .613497

2.6896 4.41094 1.28062. 4.04969 1.17927 2.54067 5.47370 .609756

2.7225 4.49218 1.28452 4.06202 1.18167 2.54582 5.48481 .606061

2.7556 4.57480 1.28841 4.07431 1.18405 2.55095 5.49586 .602410

2.7889 4.65746 1.29228 4.08656 1.18642 2.55607 5.50688 .598802

2.8224 4.74163 1.29615 4.09878 1.18878 2.56116 5.51785 .595288

2.8561 4.82681 1.30000 4.11096 1.19114 2.56623 5.52877 .591716

2.8900 4.91300 1.30884 4.12811 1.19848 2.57128 5.58966 .588235

2.9241 5.00021 1.30767 4.13521 1.19582 2.57631 5.55050 .584795

2.9584 5.08845 1.81149 4.14729 1.19815 2.58183 5.56180 .581395

2.9929 5.17772 1.31529 4.15988 1.20046 2.58682 5.57205 .578085

8.0276 5.26802 1.31909 4.17133 1.20277 2.59129 5.58277 .574718

8.0625 5.85938 1.82288 4.18330 1.20507 2.59625 5.59344 .571429

8.0976 5.45178 1.32665 4.19524 1 .20786 2.60118 5.60408 .568182

3.1329 5.54528 1.33041 4.20714 1.20964 2.60610 5.61467 .564972

3.1684: 5.63975 1.83417 4.21900 1.21192 2.61100 5.62523 .561798

8.2041 5.73584 1.33791 4.23084 1.21418 2.61588 5.63574 .558659

8.2400 5.83200 1.34164 4.24264 1.21644 2.62074 5.64622 .555556

8.2761 5.92974 1.84536 4.25441 1.21869 2.62558 5.65665 .552486

3.3124 6.02857 1.34907 4.26615 1.22093 2.63041 5.66705 .549451

3.8489 6.12849 1.85277 4.27785 1.22316 2.63522 5.67741 .546448

3.3856 6.22950 1.35647 4.28952 1.22539 2.64001 5.68773 .543478

8.4225 6.33163 1.36015 4.80116 1.22760 2.64479 5.69802 .540541

8.4596 6.43486 1.86882 4.31277 1.22981 2.64954 5.70827 .537634

3.4969 6.53920 1.86748 4.82435 1.23201 2.65428 5.71848 .534759

3.5314 6.64467 1.37118 4.83590 1.23420 2.65900 5.72865 .581915

3.5721 6.75127 1.37477 4.34741 1.28639 2.66371 5.73879 .529101

3.6100 6.85900 1.37840 4.35890 1.23856 2.66840 5.74890 .526316

3.6481 6.96787 1.88208 4.87085 1.24073 2.67307 5.75897 .528560

8.6864 7.07789 1 .38564 4.38178 1.24289 2.67778 5.76900 .520838

3.7249 7.18906 1.38924 4.39318 1.24505 2.68237 5.77900 .518135

3.7636 7.30188 1.39284 4.40454 1.24719 2.68700 5.78896 .515464

8.8025 7.41488 1 .39642 4.41588 1 .24933 2.69161 5.79889 "512821

3.8416 7.52954 1.40000 4.42719 1.25146 2.69620 5.80879 .510204

3.8809 7.64537 1.40357 4.43847 1.25359 2.70078 5.81865 .50761‘

3.9204 7.76239 1.40712 4.44972 1.25571 2.70534 5.82848 .505051

3.9601 7.88060 1.41067 4.46094 1.25782 2.70989 5.88827 .502513

4.0000 8.00000 1.41421 4.47214 1.25992 2.71442 5.84804 .500000
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4.0401 3.12060 1.41774 4.48330?l.26202 2.71393 5.35777 .497512

4.0304 3.24241 1.42127 4.49444 1.26411 2.72343 5.36746 .495050

4.1209 3.36543 1.42473 4.50555 1.26619 2.72792 5.37713 492611

4.1616 3.43966 1.42329 4.51664 1.26327 2.73239,5.33677 .490196

4.2025 3.61513 1.43173 4.52769 1.27033 2.73635 5.39637 .437305

4.2436 8.74182 1 1.43527 4.53872 | 1.27240 I 2.74129 5.90594 I .485437

4.2849 8.86974 1.43875 4.54973 1.27445 1 2.74572 ' 5.91548 .483092

4.8264 8.99891 1.44222 4.56070 1.27650 2.75014 5.92499 I .480769

4.3681 9.12933 1.44568 4.57165 1.27854 2.75456 5.93447 .478469

4.4100 9.26100 1.44914 4.58258 1.28058 2.75893 5.94392 .476191

4.4521 9.39393 1.45258 4.59347 1.28261 2.76380 5.95334 .47393‘

4.4944 9.52813 1.45602 4.60435 1.28463 2.76766 5.96273 .471698

4.5369 9.66360 1.45945 4.61519 1.28665 2.77200 ' 5.97209 .4694“

4.5796 9.80034 1.46287 4.62601 1.28866 2.77633 l 5.98142 .467290

4.6225 9.93838 1.46629 4.63681 1.29066 2.78065 5.99073 .465116

4.6656 10.0777 1 .46969 4.64758 1.29266 2 .78495 6.00000 .462963

4.7089 10.2183 1.47309 4.65833 1.29465 2.78924 6.00925 .460830

4.7524 10.3602 1.47648 4.66905 1.29664 2.79352 6.01846 .458716

4.7961 10.5035 1.47986 4.67974 1.29862 2.79779 7 6.02765 .456621

4.8400 10.6480 1 .48324 4.69042 1 .30059 2 .80204 6.03681 .454546

4.3341 10.7939 1.43661 4.70106 1.30256 2.30623 6.04594 .452439

4.9234 10.9410 1.43997 4.71169 1.30452 2.31051 6.05505 .450451

4.9729 11.0396 1.49332 4.72229 1.30643 2.31472 6.06413 .443431

5.0176 11.2394 1.49666 4.73236 1.30343 2.31392 6.07313 .446429

5.0625 11.3906 1.50000 4.74342 1.31037 2.32311 6.03220 .444444

5.1076 11.5432 1.50333 4.75395 1.81231 2.82728 6.09120 .442478

5.1529 11.6971 1.50665 4.76445 1.31424 2.83145 6.10017 .440529

5.1984 11.8524 1.50997 4.77493 1.31617 2.83560 6.10911 .438597

5.2441 12.0090 1.51327 4.78539 1.31809 2.83974 6.11803 .436681

5.2900 12.1670 1.51658 4.79533 1.32001 2.84387 6.12693 .434783

5.3861 12.3264 1.51937 4.30625 1.32192 2.34793 6.13579 .432900

5.3324 12.4372 1.52315 4.31664 1.32332 2.35209 6.14463 .431035

5.4239 12.6493 1.52643 4.32701 1.32572 2.35613 6.15345 .429135

5.4756 12.3129 1.52971 4.33735 1.32761 2.36026 6.16224 .427350

5.5225 12.9779 1.53297 4.34763 1.32950 2.36433 6.17101 .425532

5.5696 13.1443 1.53623 4.85798 1.33139 2.86838 6.17975 .4237”

5.6169 13.3121 1.53948 4.86826 1.33326 2.87248 6.18846 .421941

5.6644 13.4813 1.54272 4.87852 1.33514 2.87646 6.19715 .420168

5.7121 13.6519 1.54596 4.88876 1.83700 2.88049 6.20582 .418410

5.7600 13.8240 1.54919 4.89898 1.33887 2.88450 6.21447 .416667

5.3031 13.9975 1.55242 4.90913 1.34072 2.33350 6.22303 .414933

5.3564 14.1725 1.55563 4.91935 1.34257 2.39249 6.23163 .413223

5.9049 14.3439 1.55335 4.92950 1.34442 2.39647 6.24025 .411523

5.9536 14.5263 1.56205 4.93964 1.34626 2.90044 6.24330 .409936

6.0025 14.7061 1.56525 4.94975 1.34310 2.90439 6.25732 .403163

6.0516 14.8869 1.56844 4.95984 1.34993 2.90834 6.26583 .406504

6.1009 15.0692 1.57162 4.96991 1.35176 2.91227 6.27431 .404858

6.1504 15.2530 1.57480 4.97996 1.35358 2.91620 6.28276 .403226

6.2001 15.4382 1.57797 4.98999 1.35540 2.92011 6.29119 .401606

6.2500 15.6250 1.58114 5.00000 1.35721 2.92402 6.29961 .400000
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2.51 6.3001 1561331156430 5.00999 1.35902 2.92191 6.30139 .396406

2.52 6.3504 16.0030 1.56145 5.01996 1.36062 2.93119 6.31636 .396625

2.53 6.4009 16.1943 1.59060 5.02991 1.36262 2.93561 6.32410 .395251

254 6.4516 16.3611 1.59314 5.03964 1.36441 2.93953 6.33303 .393101

2.55 6.5025 16.5614 1.59661 5.04915 1.36620 2.94336 6.34133 .332151

2.56 6.5536 16.1112 1.60000 5.05964 1.36196 2.94123 6.34960 .390625

2.51 6.6049 16.9146 1.60312 5.06952 1.36916 2.95106 6.35166 .369105

2.56 6.6564 11.1135 1.60624 5.01931 1.31153 2.95466 6.36610 .361591

2.59 6.1061 11.3140 1.60935 5.06920 1.31330 2.95669 6.31431 .366100

2.60 6.1600 11.5160 1.61245 5.09902 1.31501 2.96250 6.36250 .364615

2.61 6.6121 11.1196 1.61555 5.10662 1.31663 2.96629 6.39066 .363142

2.62 6.6644 11.9641 1.61664 5.11659 1.31659 2.91001 6.39663 .361619

2.63 6.9169 16.1914 1.62113 5.12635 1.36034 2.91365 6.40696 .360226

2.64 6.9696 16.3991 1.62461 5.13609 1.36206 2.91161 6.41501 .316166

2.65 1.0225 16.6096 1.62166 5.14162 1.36363 2.36131 6.42316 .311359

2.66 1.0156 16.6211 1.63095 5.15152 1.36551 2.96511 6.43123 .315940

2.61 1.1269 I19.0342 1.63401 5.16120 1.36130 2.96665 6.43926 .314532
2.66 7.1824119.24%811.63707 5.11661 136903299251 6.44131 .313134

2.69 1.2361 ,19.4651|1.64012 5.16652 1.39016 2.99629 6.45531 .311141

2.10 1.2900 .19.6630 1.64311 5.19615 1.39246 3.00000 6.46330 .310310

2.11 1.3441 19.9025 1.64621 5.20511 1.39419 3.00310 6.41121 .369004

2.12 1.3964 20.1236 1.64924 5.21536 1.39591 3.00139 6.41922 .361641

2.13 1.4529 20.3464 1.65221 5.22494 1.39161 3.01101 6.46115 .366300

2.14 1.5016 20.5106 1.65529 5.23450 1.39932 3.01414 6.49501 .364964

2.15 1.5625 20.1969 1.65631 5.24404 1.40102 3.01641 6.50296 .363636

2.16 1.6116 21.0246 1.66132 5.25351 1.40212 3.02206 6.51063 .362319

2.11 1.6129 21.253911.66433 5.26306 1.40441 3.02511 6.51666 .361011

2.16 1.1264 21.4650 1.66133 5.21251 1.40610 3.02934 6.52652 .359112

2.19 1.1641 21.1116 1.61033 5.26205 1.40116 3.03291 6.53434 .356423

2.60 1.6400 21.9520 1.61332 5.29150 1.40346 3.03659 6.54213 .351142

2.61 1.6961 22.1660 1.61631 5.30094 1.41114 3.04020 6.54991 .355612

2.62 1.9524 22.4256 1.61929 5.31031 1.41261 3.04360 6.55161 .354610

2.63 6.0069 22.6652 1.66226 5.31911 1.41446 3.04140 6.56541 .353351

2.64 6.0656 22.9063 1.66523 5.32911 1.41614 3.05096 6.51314 .352113

2.65 6.1225 23.1491 1.66619 5.33654 1.41160 3.05456 6.56064 .350611

2.66 6.1196 23.3931 1.69115 5.34190 1.41946 3.05613 6.56653 .349650

2.61 6.2369 23.6399 1.69411 5.35124 1.42111 3.06169 6.59620 .346432

2.66 6.2944 23.6619 1.69106 5.36656 1.42216 3.06524 6.60365 .341222

2.69 6.3521 24.1316 1.10000 5.31561 1.42440 3.06616 6.61149 .346021

2.90 6.4100 24.3690 1.10294 5.36516 1.42604 3.01232 6.61311 .344626

2.91 6.4661 24.6422 1.10561 5.39444 1.42166 3.01565 6.62611 .343643

2.92 6.5264 24.6911 1.10660 5.40310 1.42931 3.01936 6.63429 .342466

2.93 6.5649 25.1536 1.11112 5.41295 1.43094 3.06261 6.64165 .341291

2.94 6.6436 25.4122 1.11464 5.42219 1.43251 3.06636 6.64940 .340136

2.95 6.1025 25.6124 1.11156 5.43139 1.43419 3.06961 6.65633 .336963

2.96 6.1616 25.9343 1.12041 5.44059 1.43561 3.09336 6.66444 .331636

2.91 6.6209 26.1961 1.12331 5.44911 1.43143 3.09664 6.61194 .336100

2.96 6.6604 26.4636) 1.12621 5.45694 1.43904 3.10031 6.61942 .335511

2.99 6.9401 26.1309 1.12916 5.46609 1.44065 3.10316 6.66666 .334446
3.00 19.0000 21.0000 1.13205 5411231144225 3.10123 6.69433 .333333
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9.01 9.0601 27.2709 1.79494 5.49695 1.44995 9.11069 6.70176 .992226

9.02 9.1204 27.5496 1.79791 5.49545 1.44545 9.11412 6.70917 .991126

9.09 9.1909 27.9191 1.74069 5.50454 1.44704 9.11755 6.71657 .990099

9.04 9.2416 29.0945 1.74956 5.51962 1.44969 9.12099 6.72995 .929947

9.05 9.9025 29.9726 1.74642 5.52269 145022 9.12440 6.79192 .927969

9.06 9.9696 29.6526 1.74929 5.59179 1.45190 9.12791 679966 .926797

9.07 9.4249 29.9944 1.75214 5.54076 1.45999 9.19121 6.74600 .925799

9.09 9.4964 29.2191 1.75499 5.54977 1.45496 9.19461 6.75991 .924675

9.09 9.5491 29.5096 1.75794 5.55979 1.45659 9.19900 6.76061 .929625

9.10 9.6100 29.7910 1.76069 5.56776 1.45910 9.14199 6.76790 .922591

9.11 9.6721 90.0902 1.76952 5.57674 1.45967 9.14475 6.77517 .921549

9.12 9.7944 90.9719 1.76695 5.59570 1.46129 9.14912 6.79242 .920519

9.19 9.7969 90.6649 1.76919 5.59464 1.46279 9.15149 6.79966 .919499

9.14 9.9596 90.9591 1.77200 5.60957 1.46494 9.15494 6.79699 .919471

9.15 9.9225 91.2559 1.77492 5.61249 1.46590 9.15919 6.90409 .917460

9.16 9.9956 91.5545 1.77764 5.62199 1.46745 9.16152 6.91129 .916456

9.17 10.0499 91.9550 1.79045 5.69029 1.46999 9.16495 6.91946 .915457

9.19 10.1124 92.1574 1.79926 5.69915 1.47054 9.16917 6.92562 .914465

9.19 10.1761 92.4619 1.79606 5.64901 1.47209 9.17149 6.99277 .919490

9.20 10.2400 92.7690 1.79995 5.65695 1.47961 9.17490 6.99990 .912500

9.21 10.9041 99.0762 1.79165 5.66569 1.47515 9.17911 6.94702 .911527

9.22 10.9694 99.9962 1.79444 5.67450 1.47669 9.19140 6.95412 .910559

9.29 10.4929 99.6999 1.79722 5.69991 1.47920 9.19469 6.96121 .909599

9.2 10.4976 94.0122 1.90000 5.69210 1.47979 9.19799 6.96929 .909642

9.25 10.5625 94.9291 1.90279 5.70099 1.49125 9.19125 6.97594 .907692

9.26 10.6276 94.6460 1.90555 5.70964 1.49277 9.19452 6.99299 .906749

9.27 10.6929 94.9659 1.90991 5.71999 1.49429 9.19779 6.99942 .905910

9.29 10.7594 95.2976 1.91109 5.72719 1.49579 9.20104 6.99649 .904979

9.29 10.9241 95.6129 1.91994 5.79595 1.49790 9.20429 6.90944 .909951

9.90 10.9900 95.9970 1.91659 5.74456 1.49991 9.20759 6.91042 .909090

9.91 10.9561 96.2647 1.91994 5.75926 1.49091 9.21077 6.91740 .902115

9.92 11.0224 96.5944 1.92209 5.76194 1.49191 9.21400 6.92496 .901205

9.99 11.0999 96.9260 1.92499 5.77062 1.49990 9.21729 6.99190 .900900

9.94 11.1556 97.2597 1.92757 5.77927 1.49490 9.22044 6.99929 .299401

9.95 11.2225 97.5954 1.99090 5.79792 1.49629 9.22965 6.94515 .299509

9.96 11.2996 97.9991 1.99909 5.79655 1.49777 9.22696 6.95205 .297619

9.97 11.9569 99.2729 1.99576 5.90517 1.49926 9.29005 6.95994 .296796

9.99 11.4244 99.6145 1.99949 5.91979 1.50074 9.29925 6.96592 .295959

9.99 11.4921 99.9592 1.94120 5.92297 1.50222 9.29649 6.97269 .294995

9.40 11.5600 99.9040 1.94991 5.99095 1.50969 9.29961 6.97959 .294119

9.41 11.6291 99.6519 1.94662 5.99952 1.50517 9.24279 6.99697 .299255‘

9.42 11.6964 40.0017 1.94992 5.94909 1.50664 9.24595 6.99919 .292999

9.49 11.7649 40.9596 1.95209 5.95662 1.50910 9.24911 7.00000 .291545

944 11.9996 40.7076 1.95472 5.96515 1.50957 9.25227 7.00690 .290699

9.45 11.9025 41.0696 1.95742 5.97967 1.51109 9.25542 7.01959 299955

9.46 11.9716 41.4217 1.96011 5.99219 1.51249 9.25956 7.02095 .299017

9.47 12.0409 41.7919 1.96279 5.99067 1.51994 9.26169 7.02711 .299194

9.49 12.1104 42.1442 1.96549 5.99915 1.51540 9.26492 7.09995 .297956

9.49 12.1901 42.5095 1.96915 5.90762 1.51695 9.26795 7.04059 .296599

9.50 12.2500 42.9750 1.97099 5.91609 1.51929 9.27107 7.04790 .295714
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12.3201 43.2436 1.87350 5.92453 1‘ 1.51974 3.27418 7.05400 .284900

12.3904 43.6142 1.87617 5.93296 1 1.52118 3.27729 7.06070 .284091

12.4609 43.9870 1.87883 5.94138 ‘ 1.52262 3.28039 7.06738 .283286

12.5316 44.3619 1.88149 5.94979 1.52406 3.28348 7.07404 .282486

12.6025 44.7389 1.88414 5.95819 1.52549 3.28657 7.08070 “.281690

12.6736 45.1180 1.88680 5.96657 1.52692 3.28965 7.08734 .280899

12.7449 45.4993 1.88944 5.97495 1.52835 3.29273 7.09397 .280112

12.8164 45.8827 1.89209 5.98331 1 1.52978 3.29580 7.10059 .279330

12.8881 46.2683 1.89473 5.99166 1.53120 3.29887 7.10719 .278552

12.9600 46.6560 1.89737 6.00000 1.53262 3.30193 7.11379 .277778

13.0321 47.0459 1.90000 6.00833 - 1.53404 3.30498 7.12037 .277008

13.1044 47.4379 1.90263 6.01664 1.53545 3.30803 7.12694 .276243

13.1769 47.8321 1.90526 6.02495 1.53686 3.31107 7.13349 .275482

13.2496 48.2285 1.90788 6.03324 1.53827 3.31411 7.14004 .274725

13.3225 48.6271 1.91050 6.04152 1.53968 3.31714 7.14657 .273973

13.3956 49.0279 1.91311 6.04979 1.54109 3.32017 7.15309 .273224

13.4689 49.4309 1.91572 6.05805 1.54249 3.32319 7.15960 .272480

13.5424 49.8360 1.91833 6.06630 1.54389 3 32621 7.16610 .271739

13.6161 50.2434 1.92094 6.07454 1.54529 3.32922 7.17258 .271003

13.6900 50.6530 1.92354 6.08276 1.54668 3.33222 7.17905 .270270

13.76 41 51.0648 1.92614 6.09098 1 .54807 3.33522 7.18552 .269542

13.8384 51.4788 1.92873 6.09918 1.54946 3.33822 7.19197 .268817

13.9129 51.8951 1.93132 6.10737 1.55085 3.34120 7.19841 .268097

13.9876 52.3136 1.93391 6.11555 1.55223 3.34419 7.20483 .267380

14.0625 52.7344 1.93649 6.12372 1.55362 3.34716 7.21125 .266667

14.1376 53.1574 1.93907 6.13188 1.55500 3.35014 7.21765 .265957

14.2129 53.5826 1.94165 6.14003 1.55637 3.35310 7.22405 .265252

14.2884 54.0102 1.94422 6.14817 1.55775 3.35607 7.23043 .264550

14.3641 54.4399 1.94679 6.15630 1.55912 3.35902 7.23680 .263852

14.4400 54.8720 1.94936 6.16441 1.56049 3.36198 7.24316 .263158

14.5161 55.3063 1.95192 6.17252 1.56186 3.36492 7.24950 .262467

14.5924 55 7430 1.95448 6.18061 1.56322 3.36786 7.25584 .261780

14.6689 56.1819 1.95704 6.18870 1.56459 3.37080 7.26217 .261097

14.7456 56.6231 1.95959 6.19677 1.56595 3.37373 7.26848 .260417

14.8225 57.0666 1.96214 6.20484 1.56731 3.37666 7.27479 .259740

14.8996 57 .5125 1.96469 6.21289 1 .56866 3.37958 7.28108 .259067

14.9769 57.9606 1.96723 6.22093 1.57001 3.38249 7.28736 .258398

15.0544 58.4111 1.96977 6.22896 1.57137 3.38540 7.29363 .257732

15.1321 58.8639 1.97231 6.23699 1.57271 3.38831 7.29989 .257069

15.2100 59.3190 1.97484 6.24500 1.57406 3.39121 7.30614 .256410

15.2881 59.7765 1.97737 6.25300 1.57541 3.39411 7.31238 .255755

15.3664 60.2363 1.97990 6.26099 I 1.57675 3.39700 7.31861 .255102

15.4449 60.6985 1.98242 6.26897 I 1.. 7809 3.39988 7.32483 .2544531

1

2,

15.5236 61.1630 1.98494 6.27694 .5794“) 3.40277 7.33104 .253807

15.6025 61.6299 1 .98746 6.28490 .58076 3.40564 7.33723 .253165

15.6816 62.0991 1.98997 6.29285 1.58209 3.40851 7.34342 .252525

15.7609 62.5708 1.99249 6.30079 1.58342 3.41138 7.34960 .251889

15.8404 63.0448 1 99499 6.30872 1.58475 3.41424 7.35576 .251256

15.9201 63.5212 1.99750 6.31664 1.58608 3.41710 7.36192 .250627

16.0000 65.0000 2.00000 6.32456 1.58740 3.41995 7.36806 .250000
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4.01 16.0801 64.4812 2.00250 6.33246 1.58872 3.42280 7.37420 .249377

4.02 16.1604 64.9648 2.00499 6.34035 1.59004 3.42564 7.38032 .248756

4.03 16.2409 65.4508 2.00749 6.34823 1.59136 3.42848 7.38644 .248139

4.04 16.3216 65.9393 2.00998 6.35610 1.59267 3.43131 7.39254 .247525

4.05 16.4025 66.4301 2.01246 6.36396 1.59399 3.43414 7.39864 .246914

4.06 16.4836 66.9234 2.01494 6.37181 1.59530 3.43697 7.40472 .246305

4.07 516.5649 67.4191 2.01742 6.37966 1.59661 3.43979 7.41080 .2457'

4.08 16.6464 67.9173 2.01990 6.38749 1.59791 3.44260 7.41686 .245098

4.09 16.7281 68.4179 2.02237 6.39531 1.59922 3.44541 7.42291 .244499

4.10 16.8100 68.9210 2.02485 6.40312 1.60052 3.44822 7.42896 .243902

4.11 16.8921 69.4265 2.02731 6.41093 1.60182 3.45102 7.43499 .243309

4.12 16.9744 69.9345 2.02978 6.41872 1.60312 3.45382 7.44102 .242718

4.13 17.0569 70.4450 2.03224 6.42651 1.60441 3.45661 7.44703 .242131

4.14 17.1396 70.9579 2.03470 6.43428 1.60571 3.45939 7.45304 .241546

4.15 17.2225 71.4734 2.03715 6.44205 1.60700 3.46218 7.45904 .240964

4.16 17.3056 71.9913 2.03961 6.44981 1.60829 3.46496 7.46502 .240385

4.17 17.3889 72.5117 2.04206 6.45755 1.60958 3.46773 7.47100 .239808

4.18 17.4724 73.0346 2.04450 6.46529 1.61086 3.47050 7.47697 .239234

4.19 17.5561 73.5601 2.04695 6.47302 1.61215 3.47327 7.48292 .238664

4.20 17.6400 74.0880 2.04939 6.48074 1.61343 3.47603 7.48887 .238095

4.21 17.7241 74.6185 2.05183 6.48845 1.61471 3.47878 7.49481 .237530

4.22 17.8084 75.1514 2.05426 6.49615 1.61599 3.48154 7.50074 .236967

4.23 17.8929 75.6870 2.05670 6.50385 1.61726 3.48428 7.50666 .236407

4.24 17.9776 76.2250 2.05913 6.51153 1.61853 3.48703 7.51257 .235849

4.25 18.0625 76.7656 2.06155 6.51920 1.61981 3.48977 7.51847 .235294

4.26 18.1476 77.3088 2.06398 6.52687 1.62108 3.49250 7.52437 .234742

4.27 18.2329 77.8545 2.06640 6.53452 1.62234 3.49523 7.53025 .234192

4.28 18.3184 78.4028 2.06882 6.54217 1.62361 3.49796 7.53612 .233645

4.29 18.4041 78.9536 2.07123 6.54981 1.62487 3.50068 7.54199 .233100

4.30 18.4900 79.5070 2.07364 6.55744 1.62613 3.50340 7.54784 .232558

4.31 18.5761 80.0630 2.07605 6.56506 1.62739 3.50611 7.55369 .232019

4.32 18.6624 80.6216 2.07846 6.57267 1.62865 3.50882 7.55953 .231482

4.33 18.7489 81.1827 2.08087 6.58027 1.62991 3.51153 7.56535 .230947

4.34 18.8356 81.7465 2.08327 6.58787 1.63116 3.51423 7.57117 .230415

4.35 18.9225 82.3129 2.08567 6.59545 1.63241 3.51692 7.57698 .229885

4.36 19.0096 82.8819 2.08806 6.60303 1.63366 3.51962 7.58279 .229358

4.37 19.0969 83.4535 2.09045 6.61060 1.63491 3.52231 7.58858 .228833

4.38 19.1844 84.0277 2.09284 6.61816 1.63616 3.52499 7.59436 .228811

4.39 19.2721 84.6045 2.09523 6.62571 1.63740 3.52767 7.60014 .227790

4.40 19.3600 85.1840 2.09762 6.63325 1.63864 3.53035 7.60590 .227278

4.41 19.4481 85.7661 2.10000 6.64078 1.63988 3.53302 7.61166 .226757

4.42 19.5364 86.3509 2.10238 6.64831 1.64112 3.53569 7.61741 .226244

4.43 19.6249 86.9383 2.10476 6.65582 1.64236 3.53835 7.62315 .225734

4.44 19.7136 87.5284 2.10713 6.66333 1.64359 3.54101 7.62888 .225225

4.45 19.8025 88.1211 2.10950 6.67083 1.64483 3.54367 7.63461 .224719

4.46 19.8916 88.7165 2.11187 6.67832 1.64606 3.54632 7.64032 .224215

4.47 19.9809 89.3146 2.11424 6.68581 1.64729 3.54897 7.64603 .223714

4.48 20.0704 89.9154 2.11660 6.69328 1.64851 3.55162 7.65172 .223214

4.49 20.1601 90.5188 2.11896 6.70075 1.64974 3.55426 7.65741 .222717

4.50 20.2500 911250212132 6.70820 1.65096 3.55689 7.66309 .222222
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20.3401 91.7339 2.12368 6.71565 1.65219 3.55953

20.4304 92.3454 2.12603 6.72309 1.65341 3.56215 7.67443 .221239

20.5209 92.9597 2.12838 6.73053 1.65462 3.56478 7.68009 .220751

20.6116 93.5767 2.13073 6.73795 1.65584 3.56740 7.68573 .220264

20.7025 94.1964 2.13307 6.74537 1.65706 3.57002 7.69137 .219780

20.7936 94.8188 2.13542 6.75278 1.65827 3.57263 j 7.69700 .219298

20.8849 95.4440 2.13776 6.76018 1.65948 3.57524 1 7.70262 .218818

20.9764 96.0719 2.14009 6.76757 1.66069 3.57785 I 7.70824 .218341

I

1

l n

; 7.66877 .221130

1

i

21.0681 96.7026 2.14243 6.77495 1.66190 3.58045 7.71384 .217865

21.1600 97.3360 2.14476 6.78233 1.66310 3.58305' 7.71944 .217391

21.2521 97.9722 2.14709 6.78970 1.66431 3.58564 7.72503 .216920

21.3444 98.6111 2.14942 6.79706 1.66551 3.58823 i 7.73061 .216450
21.4369 99.2528 2.15174 6.80441 1.66671 3.59082 7.73619 .215983

21.5296 99.8973 2.15407 6.81175 1.66791 3.59340 7.74175 .215517

721.6225 100.545 2.15639 6.81909 1.66911 3.59598 7. 4731 .215054

21.7156 101.195 2.15870 6.82642 1.67030 3.59856 7.75286 .214592

21.8089 101.848 2.16102 6.83374 1.67150 3.60113 7.75840 .214133

21.9024 102.503 2.16333 6.84105 1 .67269 3.60370 7 .76394 .213675

21.9961 103.162 2.16564 6.84836 1.67388 3.60626 7.76946 .213220

22.0900 103.823 2.16795 6.85565 1.67507 3.60883 7.77498 .212766

22.1841 104.487 2.17025 6.86294 1.67626 3.61138 7.78049 .212314

22.2784 105.154 2.17256 6.87023 1 .67744 3.61394 7.78599 .211864

22.3729 105.824 2.17486 6.87750 1.67863 3.61649 7.79149 .2114"

22.4676 106.496 2.17715 6.88477 1.67981 3.61904 7.79697 .210971

22.5625 107.172 2.17945 6.89202 1.68099 3.62158 7.80245 .210526

22.6576 107.850 2.18174 6.89928 1.68217 3.62412 7.80793 .210084

22 . 7529 108.531 2.18403 6.90652 1.68334 3.62665 7.81339 .209644.

22.8484 109.215 2.18632 6.91375 1.68452 3.62919 7.81885 .209205

22.9441 109.902 2 .18861 6.92098 1 .68569 3.63171 7.82429 .208768

23.0400 1 10.592 2.19089 6.92820 1 .68687 3.63424 7 .82974 .208333

23.1361 111.285 2.19317 6.93542 1.68804 3.63676 7.83517 .207900

23.2324 111.980 2.19545 6.94262 1.68920 3.63928 7.84059 .207469

23.3289 112.679 2.19773 6.94982 1.69037 3.64180 7.84601 .207039

23.4256 113.380 2.20000 6.95701 1.69154 3.64431 7.85142 .206612

23.5225 114.084 2.20227 6.96419 1.69270 3.64682 7.85683 .206186

23.6196 114.791 2.20454 6.97137 1.69386 3.64932 7.86222 .205761

23.7169 115.501 2 .20681 6.97854 1.69503 3.65182 7.86761 .205339

23.8144 116.214 2.20907 6.98570 1.69619 3.65432 7.87299 .204918

23.9121 116.930 2.21133 6.99285 1.69734 3.65682 7.87837 .204499

24.0100 117.649 2.21359 7.00000 1.69850 3.65931 7.88374 .204082

24.1081 118.371 2.21585 7.00714 1.69965 3.66179 7.88909 .203666

24.2064 119.095 2.21811 7.01427 .70081 3 66428 7.89445 .203252

24.3049 119.823 2.22036 7.02140 .70196 3.66676 7.89979 .202840

24.4036 120.554 2 22261 7.02851 .70311 3.66924 7.90513 .202429

24.5025 121.287 2.22486 7.03562 .70426 3.67171 7.91046 .202020

24.6016 122.024 2.22711 7.04273 .70540 3.67418 7.91578 .201613

24.7009 122.763 2.22935 7.04982 .70655 3.67665 7.92110 .201207

24.8004 123.506 2.23159 7.05691 .70769 3.67911 7.92641 .200803

24.9001 124.251 2.23383 7.06399 .70884 3.68157 7.93171 .200401

25.0000 125.000 2.23607 7.07107 .70998 3.68403 7.93701 .200000
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25.1001 125.752 2.23880 7.07814 1.71112 8.68649 7.94229 .199601

25.2004 126.506 2.24054 7.08520 1.71225 8.68894 7.94757 .199208

25.3009 127.264 2.24277 7.09225 1.71889 3.69188 7.95285 .198807

25.4016 128.024 2.24499 7.09980 1.71452 8.69388 7.95811 .198418

25.5025 128.788 2.24722 7.10684 1.71566 8.69627 7.96887 .198020

I 25.6036 129.554 2.24944 7.11837 1.71679 8.69871 7.96863 .197629

l 25.7049 130.824 2.25167 7.12089 1.71792 8.70114 7.97387 .197289

25.8064 131.097 2.25389 7.12741 1.71905 8.70358 7.97911 .196850

4‘ 25.9081 131.872 2.25610 7.18442 1.72017 8.70600 7.98434 .196464

1 26.0100 182.651 2.25832 7.14148 1.72130 8.70848 7.98957 .196078

26.1121 133.488 2.26053 7 .14848 1.72242 8.71085 7.99479 .195695

‘ 26.2144 134.218 2.26274 7.15542 1.72855 8.71827 8.00000 .195313

26.3169 135.006 2.26495 7.16240 1.72467 8.71566 8.00520 .194982

26.4196 135.797 2.26716 7.16938 1.72579 8.71810 8.01040 .194558

26.5225 186.591 2.26986 7.17635 1.72691 8.72051 8.01559 .194175

26.6256 187.388 2.27156 7.18881 1.72802 8.72292 8.02078 .193798

' 26.7289 138.188 2.27876 7.19027 1.72914 8.72582 8.02596 .193424

l 26.8324 188.992 2.27596 7.19722 1.73025 3.72772 8.03113 .193050

26.9361 139.798 2.27816 7.20417 1.73187 3.73012 8.08629 .192678

27.0400 140.608 2.28035 7.21110 1.78248 8.78251 8.04145 .192808

27.1441 141.421 2.28254 7.21808 1.78859 8.78490 8.04660 .191939

27.2484 142.237 2.28473 7.22496 1.78470 3.73729 8.05175 .191571

27.8529 148.056 2.28692 7.23187 1.73580 3.73968 8.05689 .191205

27.4576 143.878 2.28910 7.23878 1.78691 8.74206 8.06202 .1908“)

27.5625 144.703 2.29129 7.24569 1.78801 8.74448 8.06714 .190476

2 27.6676 145.582 2.29347 7.25259 1.78912 3.7468l 8.07226 .190114

27.7729 146.363 2.29565 7.25948 1.74022 8.74918 8.07787 .189753

27.8784 147 . 198 2 .29783 7 .26686 1.74132 8.75158 8.08248 .189894

27.9841 148.036 2.30000 7.27324 1.74242 8.'4 5892 8.08758 .189086

28.0900 148.877 2.80217 7.28011 1.74351 3.75629 8.09267 .188679

28.1961 149.721 2.30484 7.28697 1.74461 8.75865 8.09776 .188324

28.3024 150.569 2.80651 7.29388 1.74570 3.76100 8.10284 .187970

28.4089 151.419 2.80868 7.80068 1.74680 8.76886 8.10791 .187617

28.5156 152.278 2.81084 7.80753 1.74789 3.76571 8.11298 .187266

28.6225 158.130 2.31301 7.31487 1.74898 8.76806 8.11804 .186916

1 28.7296 158.991 2.31517 7.32120 1.75007 8.77041 8.12810 .186567

28.8369 154.854 2.31783 7.32808 1.75116 3.77275 8.12814 .186220

289444 155.721 2.31948 7.83485 1.75224 8.77509 8.13819 .185874

29.0521 156.591 2.82164 7.84166 1.75338 3.77740 8.13822 .185529

29.1600 157.464 2.82379 7.84847 1.75441 8.77976 8.14325 .185185

29.2681 158.840 2.32594 7.35527 1.75549 8.78210 8.14828 .184848

29.8764 159.220 2 .32809 7.86206 1 .75657 8.78442 8.15329 .184502

29.4849 160.103 2.38024 7.86885 1.75765 3.78675 8.15831 .184162

29.5936 160.989 2.33238 7.87564 1.75878 8.78907 8.16331 .188824

29.7025 161.879 2.33452 7.38241 1.75981 8.79139 8.16881 .188486

29.8116 162.771 2.38666 7.88918 1.76088 3.79371 8.17880 .183150

29.9209 163 .667 2.83880 7 .39594 1 .76196 8.79603 8.17829 .182815

80.0304 164.567 2 .84094 7 .40270 1.76308 8 .79884 8.18327 .18248‘4'

30.1401 165.469 2.84807 7.40945 1.76410 8.80065 8.18824 .1821“

30.2500 I 166.375 1 2.34521 I 7.41620 1.76517 3.80295 8.19821 .181818
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80.3601 167.284 2.34734 7.42294 1.76624 3.80526 8.19818 .181488

30.4704 168.197 2.34947 7.42967 1.76731 3.80756 8.20313 .181159

30.5809 169.112 2.35160 7.43640 1.76838 3.80986 8.20808 .180832

30.6916 170.031 2.35372 7.44312 1.76944 3.80115 8.21303 .180505

30.8025 170.954 2.35584 7.44983 1.71151 3.81444 8.21797 .180180

30.9136 171.880 2.35797 7.45654 1.77157 3.81673 8.22290 .179856

31.0249 172.809 2.36008 7.46324 1.77263 3.81902 8.22783 .179533

31.1364 173.741 2.36220 7.46994 1.77369 3.82130 8.23275 .179212

31.2481 174.677 2.36432 7.47663 1.77475 3.82358 1 8.23766 .178891

31.3600 175.616 2.36643 7.48331 1.77581 3.82586 8.24257 .178571

31.4721 176.558 2.36854 7.48999 1.77686 3.82814 8.24747 .178253

31.5844 177.504 1 2.37065 7.49667 1.77792 3.83041 8.25237 - .177936

31.6969 178.454 I 2.37276 7.50333 1.77897 3.83268 8.25726 .177620

31.8096 179.406 ' 2.37487 7.50999 1.78003 3.83495 8.26215 ' .177305

31.9225 180.362 2.37697 7.51665 1.78108 3.83721 8.26703 .176991

32.0356 181.321 2.37908 7.52330 1.78213 3.83948 8.27190 .176678

32.1489 182.284 2.38118 7.52994 1.78318 3.84174 8.27677 .176367

32.2624 183.250 2.38328 7.53658 1.78422 3.84400 8.28164 .176056

32.3761 184.220 2.38537 7.54321 1.78527 3.84625 8.28649 .175747

32.4900 185.193 2.38747 7.54983 1.78632 3.84850 8.29134 .175439

32.6041 186.169 2.38956 7.55645 1.78736 3.85075 8.29619 .175131

32.7184 187.149 2.39165 7.56307 1.78840 3.85300 8.30103 .174825

32.8329 188.133 2.39374 7.56968 1.78944 3.85524 8.30587 .174520

32.9476 189.119 2.39583 7.57628 1.79048 3.85748 8.31969 .174216

33.0625 190.109 2.39792 7.58288 1.79152 3.85972 8.31552 .173913

33.1776 191.103 2.40000 7.58947 1.79256 3.86196 8.32034 .173611

33.2929 192.100 2.40208 7.59605 1.79360 3.86419 8.32515 .173310

33.4084 193.101 2.40416 7.60263 1.79463 3.86642 832995 .173010

33.5241 194.105 2.40624 7.60920 1.79567 3.86865 8.33476 1 .172712

33.6400 195.112 2.40832 7.61577 1.79670 3.87088 8.33955 .172414

33.7561 196.123 2.41039 7.62234 1.79773 3.87310 8.34434 ‘ .1721"

33.8724 197.137 2.41247 7.62889 1.79876 3.87532 8.34913 .171821

33.9889 198.155 2.41454 7.63544 1.79979 3.87754 8.35390 .171527

34.1056 199.177 2.41661 7.64199 1.80082 3.87975 8.35868 .171233

34.2225 200.202 2.41868 7.64853 1.80185 3.88197 8.36345 .170940

34.3396 201.230 2.42074 7.65506 1.80288 3.88418 8.36821 .170649

34.4569 202 .262 2.42281 7 .66159 1.80390 3.88639 8.37297 .170358

34.5744 203.297 2.42487 7.66812 1 .80492 3.88859 8.37772 .170068

34.6921 204.336 2.42693 7.67463 1.80595 3.89082 8.38247 .169779

34.8100 205.379 2.42899 7.68115 1.80697 3.89300 8.38721 .169492

34.9281 206.425 2.43105 7 .68765 1.80799 3.89520 8.39194 .169205

35.0464 207.475 2.43311 7.69415 1.80901 3.89739 8.39667 .168919

35.1649 208.528 2.43516 7.70065 1.81003 3.89958 8.40140 .168634

35.2836 209.585 2.43721 7.70714 1.81104 3.90177 8.40612 .168350

35.4025 210.645 2.43926 7.71362 1.81206 3.90396 8.41083 .168067

35.5216 211.709 2.44131 7.72010 1.81307 3.90615 8.41554 .167785

35.6409 212.776 2.44336 7.72658 1.81409 3.90833 8.42025 .167504

35.7604 213.847 2.44540 7.73305 1.81510 3.91051 8.42494 .167224

35.8801‘ 214.922 2.44745 7.73951 1.81611 3.91269 8.42964 .166945

36.0000 216.000 2.44949 7.74597 1.81712 3.91487 ! 8.43433 ‘ .166667
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n 14’ 114 411 91011 971 91012 910011 '7

6.01 86.1201 211.082 2.45158 1.15242 1.81818 8.91104 8.48901 .166889

6.02 86.2404 218.161 2.45851 1.15881 1.81914 8.91921 8.44869 .166118

6.08 86.8609 219.256 2.45561 1.16581 1.82014 8.92188 8.44886' .165888

6.04 86.4816 2208491245164 1.11114 1.82115 8.92855 8.45808 .165568

6.05 86.6025 221.445 2.45961 1.11811 1.82215 8.92511 8.45169 .165289

6.06 86.1286 222545246111 1.18460 1.82816 8.92181 8.46285 .165011

6.01 86.8449,228.64942.46814 1.19102 1.82416 8.98008 8.467001.164745

6.08 86.9664:224.156\2.46511 1.19144 1.82516 8.98219 8.41185M164414

6.09 81.0881 i225.86112.46119 1.80885 1.82616 8.98484 8.41629 .164204
6.10 81.2100 226.981 2.46982 1.81025 1.82116 8.98650 8.48098 .168984

6.11 37.3321 228.099 2.41184 1.81665 1.82816 8.98865 8.48556 .168666

6.12 81.4544 229.221 2.41886 1.82804 1.82915 8.94019 849018 .168399

6.18 81.5169 280.846 2.41588 1.82948 1.88015 8.94294 8.49481 .168182

6.14 81.6996 281.416 2.41190 1.88582 1.88115 8.94508 8.49942 .162866

6.15 81.8225 282.608 2.41992 1.84219 1.88214 8.94122 8.50404 .162602

6.16 81.9456 288.145 2.48198 1.84851 1.88818 8.94986 8.50864 .162888

6.11 88.0689 284.885 2.48895 1.85498 1.88412 8.95150 8.51824 .162075

6.18 88.1924 286.029 2.48596 1.86180 1.88511 8958681851184 .161812

6.19 88.8161 281.111 2.48191 1.86166 1.88610 8.95516 8.52248 .161551

6.20 88.4400 288.828 2.48998 1.81401 1.88109 8.95189 8.52102 .161290

6.21 88.5641 289.488 2.49199 1.88086 1.88808 8.96002 8.58160 .161081

6.22 88.6884 240.642 2.49899 1.88610 1.88906 8.96214 8.58618 .160112

6.28 88.8129 241.804 2.49600 1.89808 1.84005 8.96426 8.54015 .160514

6.24 88.9816 242.911 2.49800 1.89981 1.84108 8.96689 8.54582 .160256

6.25 89.0625 244.141 2.50000 1.90569 1.84202 8.96850 8.54988 .160000

6.26 39.1876 245.314 2.50200 7.91202 1.84300 3.97062 8.55444 .1597“

6.27 39.3129 246.492 2.50400 7.91833 1.84398 3.97273 8.55899 .159490

6.28 39.4384 247.673 2.50599 7.92465 1.84496 3.97484 8.56354 .159236

6.29 39.5641 248.858 2.50799 7.93095 1.84594 3.97695 8.56808 .158983

6.30 39.6900 250.047 2.50998 7.93725 1.84691 3.97906 8.57262 .158730

6.31 39.8161 251.240 2.51197 7.94355 1.84789 3.98116 8.57715 .158479

6.32 39.9424 252.436 2.51396 7.94984 1.84887 3.98326 8.58168 .158228

      

 

6.33 40.0689 253.636 2.51595 7.95613 1.84984 3.98536 8.58620 .157978

6.34 40.1956 254.840 2.51794 7.96241 1.85082 3.96746 8.59072 .157729

6.35 40.3225 256.048 2 .51992 7.96869 1 .85179 3.96956 8.59524 .157480

6.36 40.4496 257.259 2.52190 7.97496 1.85276 3.99165 8.59975 .157233

6.37 40.5769 258.475 2.52369 7.98123 1.85373 3.99374 8.60425 .156986

6.38 40.7044 259.694 2.52587 7.98749 1.35470 3.99583 8.60875 .156740

6.39 40.8321 260.917 2.52784 7.99375 1.85567 3.99792 8.61325 ' .156495

6.40 40.9600 262.144 2.52982 8.00000 1.85664 4.00000 8.61774 .156250

6.41 41.0881 263.375 2.53180 8.00625 1.85760 4.00208 8.62222 .156006

6.42 41.2164 264.609 2.53377 8.01249 1.65857 4.00416 8.62671 .155763

6.43 41.3449 265.848 2.53574 8.01873 1.85953 4.00624 8.63118 .155521

6.44 41 .4736 267.090 2.53772 8.02496 1.86050 4.00832 8.63566 .155280

6.45 41.6025 268.336 2.53969 8.03119 1.86146 4.01039 8.64012 .155039

6.46 41.7316 269.586 2.54165 3.03741 1.86242 4.01246 8.64459 .154799

6.47 41.3609 270.840 2 .54362 8.04363 1.66338 4.01453 8.64904 .1 54560

6.48 41.9904 272.098 2.54558 8.04984 1 .86434 4.01660 8.65350 .154321

6.49 42.1201 273.359 2.54755 8.05605 1.86530 4.01866 8.65795 .154033

6.50 42.2500 274.625 2.54951 6.06226 1.86626 4.02073 8.66239 .153346
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n 
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83:1»4833398338%85g8133041493gwm-un014-04454-c$33948812533$$§§943§3.79333

42.3801 1 275.894

42.5104 1 277.168

42.6409 1 278.445

42.7716 1 279.726
42.9025 1 281.011

43.0886 ’ 282.300

43.1649 283.598

43.2964 284.890

.55147 8.06846 1.86721 4.02279 8.56685 .1536“)

.55343 8.07465 1.86817 4.02485 8.67127 .158375

.55539 8.08084 1 .86912 4.02690 8.67570 .153189

.55784 8.08703 1.87008 4.02896 8.68012 .152905

.55930 8.09821 1.87108 4.03101 8.68455 .152672

125 I 8.09938 1.87198 4.03806 8.68896 .152489
320 8.10555 1.87298 4.03511 8.69888 .152207

.56515 8.11172 1.87888 4.03715 8.69778 .151976

43.4281 286.191 .56710 8.11788 1.87483 4.03920 8.70219 .151745

48.5600 287.496 .56905 8.12104 1.87578 4.04124 8.70659 .151515

43.6921 288.805 2.57099 8.13019 1.87672 4.04328 8.71098 .1512“

48.8244 290.118 2.57294 8.13634 1.87767 4.04532 8.71587 .151057

43.9569 291.434 2.57468 8.14248 1.87862 4.04735 8.71976 .150830

44.0896 292.755 2.57682 8.14862 1.87956 4.04989 8.72414 .150602

44.2225 294.080 2.57876 8.15475 1.88050 4.05142 8.72852 .150376

44.3556 295.408 2.58070 8.16088 1.88144 4.05345 8.78289 .150150

44.4959 296.741 2.58263 8.16701 1.88289 4.05548 8.78726 .149925

44.6224 298.078 2.58457 I 8.17313 1.88383 4.05750 8.74162 .149701
44.7561 299.418 2.58650 ' 8.17924- 1.88427 4.05953 8.74598 .1494"

44.8900 300.763 2.588“ = 8.18535 1.88520 4.06155 8.75034 .149254

45.0241 1 302.112 2.59037 8.19140 1.88614 4.06357 8.75469 .1490!!!

45.1584 ' 303.464 2.59230 8.19756 1.88708 4.06558 8.75904 .148810

45.2929 304.821 2.59422 8.20366 1.88801 4.06760 8.76338 .148588

45.4276 306.182 2.59615 8.20975 1.88895 4.06961 8.76772 .148368

45.5625 307.547 2.59808 8.21584 1.88988 4.07163 8.77205 .1481“

45.6976 808.916 2.60000 I 8.22192 1.89081 4.07864 8.77638 ..147929
45.8329 310.289 2.60192 1 8.22800 1.89175 4.07564 8.78071 .147711

45.9684 311.666 " 2.60884 8.23408 1.89268 4.07765 8.78508 .147498

46.1041 813.047 2.60576 8.24015 1.89361 4.07965 8.78985 .147275

46.2400 814.432 2.60768 8.24621 1.89454: 4.08166 8.79366 .147059

46.3761 315.821 2.60960 8.25227 1.89546 4.08365 8.79797 .1468“

46.5124 817.215 2.61151 8.25833 1.89639 4.08565 8.80227 .146628

46.6489 818.612 2.61343 8.26438 1.89732 4.08765 8.80657 .146418

46.7856 820.014 2.61584 8.27043 1.89824 4.08964 8.81087 .146199

16.9225 321.419 2.61725 8.27647 1.89917 4.09164 8.81516 .145985

47.0596 322.829 2.61916 8.28251 1.90009 4.09862 8.81945 .145779

47.1969 824.243 2.62107 8.28855 1 .90102 4.09561 8.82373 .145560

7.3344 325.661 2.62298 8.29458 1 .90194 4.09760 8.82801 .145349

47.4721 327.083 2.62488 8.30060 1 .90286 4.09958 8.83229 .145188

47.6100 328.509 2.62679 8.30662 1.90378 4.10157 8.83656 .144928

47.7481 329.939 2.62869 . 8.31264 1.90470 4.10355 8.84082 .144718

47.8864 331.374 2.63059 8.31865 1.90562 4.10552 8.84509 .144509

48.0249 332.813 2.63249 8.32466 1.90653 4.10750 8.84984 .1400!)

48.1636 834.255 2.68439 8.33067 1.90745 4.10948 8.85360 .144092

48.3025 335.702 2.63629 8.38667 1.90837 4.11145 8.85785 .143885

48.4416 337.154 2.63818 8.34266 1.90928 4.11342 8.86210 .143578

48.5809 338.609 2.64008 8.34865 1.91019 4.11599 8.86684 .143472

48.7204 340.068 2.64197 8.35464 1.91111 4.11786 8.87058 .148287

48.8601 341.532 2.64386 8.36062 1.91202 4.11932 8.87481 .143062

49.0000 843.000 2.64575 8.86660 1.91293 4.12129 8.87904 .142857
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n n2 123 V5 V1012 {(1.1 {/1011 {T0021 5

1.01 49.1401 344.412 2.64164 8.31251 1.91384 4.12325 8.88321 .142653

1.02 49.2804 345.948 2.64953 8.31854 1.91415 4.12521 8.88149 .142450

1.03 49.4209 341.429 2.65141 8.38451 1.91566 4.12116 8.89111 .142248

1.04 49.5616 348.914 2.65330 8.39041 1.91651 4.12912 889592 .142046

1!", 49.1025 350.403 2.65518 8.39643 1.91141 4.13101 8.90013 .141844

1.06 49.8436 351.896 2.65101 8.40238 1.91838 4.13303 890434 .141643

1.01 49.9849 353.393 2.65895 8408331191929 4.13498 8.90854 .141443

1.08 50.1264 354.895 2.66083 8.41421 1.92019 4.13695 8.91214 .141243

1.09 50.2681 356.401 2.66211 8.42021 1.92109 4.13881 8.91693 .141044

1.10 50.4100 351.911 2.66458 8.42615 1.92200 4.14082 8.92112 .140845

1.11 50.5521 359.425 2.66646 8.43208 1.92290 4.14216 8.92531 .140641

1.12 50.6944 360.944 2.66833 8.43801 1.92. 4.14410 8.92949 .140449

1.13 50.8369 362.461 2.61021 8.44393 1.92410 4.14664 8.93361 .140253

1.14 50.9196 363.994 2.61208 8.44985 1.92560 4.14858 8.93184 .140056

1.15 51.1225 365.526 2.61395 8.45511 1.92650 4.15051 8.94201 .139860

1.16 51.2656 361.062 2.61582 8.46168 1.92140 4.15245 8.94618 .139665

1.11 51.4089 368.602 2.61169 8.46159 1.92829 4.15438 8.95034 .139410

1.18 51.5524 310.146 2.61955 8.41349 1.92919 4.15631 8.95450 .139216

1.19 51.6961 311.695 2.68142 8.41939 1.93008 4.15824 8.95866 .139082

1.20 51.8400 313.248 2.68328 8.48528 1.93098 4.16011 8.96281 .138889

1.21 51.9841 314.805 2.68514 8.49111 1.93181 4.16209 8.96696 .138696

1.22 52.1284 316.361 2.68101 8.49106 1.93211 4.16402 8.91110 .138504

123 52.2129 311.933 2.68881 8.50294 1.93366 4.16594 8.91524 .138313

1.24 52.4116 319.503 2.69012 8.50882 1.93455 4.16186 8.91938 .138122

1.25 52.5625 381.018 2.69258 8.51469 1.93544 4.16918 8.98351 .131931

1.26 52.1016 382.651 2.69444 8.52056 1.93633 4.111694 8.98164 .131141

1.21 52.8529 384.241 2.69629 8.52643 1.93122 4.11361 8.99116 .131552

1.28 52.9984 385.828 2.69815 8.53229 1.93810 4.11552 8.99588 .131363

1.29 53.1441 381.420 2.10000 8.53815 1.93899 4.11143 9.00000 .131114

1.30 53.2900 389.011 2.10185 8.54400 1.93988 4.11934 9.00411 .136986

1.31 53.4361 390.618 2.10310 8.54985 1.94016 4.18125 9.00822 .136199

1.32 53.5824 392.223 2.10555 8.55510 1.94165 4.18315 9.01293 .136612

1.33 53.1289 393.833 2.10140 8.56154 1.94253 4.18506 9.01643 .136426

1.34 53.8156 395.441 2.10924 8.56138 1.94341 4.18696 9.02053 .136240

1.35 54.0225 391.065 2.11109 8.51321 1.94430 4.18886 9.02462 .136054

1.36 54.1696 398.688 2.11293 8.51904 1.94518 4.19016 9.02811 .135810

1.31 54.3169 400.316 2.11411 8.58481 1.94606 4.19266 9.03280 .135685

1.38 54.4644 401.941 2.11662 8.59069 1.94694 4.19455 9.03689 .135501

1.39 54.6121 403.583 2.11846 8.59651 1.94182 4.19644 9.04091 .135318

1.40 54.1600 405.224 2.12029 8.60233 1.94810 4.19834 9.04504 .135135

1.41 54.9081 406.869 2.12213 8.60814 1.94951 4.20023 9.04911 .134953

1.42 55.0564 408.518 2.12391 8.61394 1.95045 4.20212 9.05318 .134111

1.43 55.2049 410.112 2.12580 8.61914 1.95132 4.20400 9.05125 .134590

1.44 55.3536 411.831 2.12164 8.62554 1.95220 4.20589 9.06131 .134409

1.45 55.5025 413.494 2.12941 8.63134 ‘ 1.95301 4.20111 9.06531 .134228

1.46 55.6516 415.161 2.13130 8.63113 1.95395 4.20965 9.06942 .134048

1.41 55.8009 416.833 2.13313 8.64292 1.95482 4.21153 ‘ 9.01341 .133869

1.48 55.9504 418.509 2.13496 8.64810 1.95569 4.21341 9.1152 .133690

1.49 56.1001 420.190 2.13619 8.65448‘1.95656 4.21529 9.08156 .133511

1.50 l56.2500 421.815 2.13861 8.660251135743 4.21116 9.08560 .133333
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7.51 56.4001 428.565 2.74044 8.66608 1.95880 4.21904 9.08964 .188156

7.52 56.5504 425.259 2.74226 8.67179 1.95917 4.22091 9.09867 .182979

7.58 56.7009 426.958 2.74408 8.67756‘ 1.96004 4.22278 9.09770 .182802

7.54 56.8516 428.661 2.74591 8.68882 1.96091 4.22465 9.10178 .182626

7.55 57.0025 480.869 2.74778 8.68907 1.96177 4.22651 9.10575 .182450

7.56 57.1586 482.081 2.74955 8.69488 1.96264 4.22888 9.10977 .182275

7.57 57.8049 488.798 2.75186 8.70057 1.96850 4.28024 9.11878 .182100

7.58 57.4564 485.520 2.75818 8.70682 1.96487 4.28210 9.11779 .181926

7.59 57.6081 487.245 2.75500 8.71206 1.96528 4.28896 9.12180 .181752

7.60 57.7600 488.976 2.75681 8.71780 1.96610 4.28582 9.12581 .181579

7.61 57.9121 440.711 2.75862 8.72858 1.96696 4.28768 9.12981 .181406

7.62 58.0644 442.451 2.76048 8.72926 1.96782 4.28954 9.18880 .181284

7.68 58.2169 444.195 2.76225 8.78499 1.96868 4.24189 9.18780 .181062

7.64 58.8696 445.994 2.76405 8.74071 1.96954 4.24824 9.14179 .180890

7.65 58.5225 447.697 2.76586 8.74648 1.97040 4.24509 9.14577 .180719

7.66 58.6756 449.455 2.76767 8.75214 1.97126 4.24694 9.14976 .180548

7.67 58.8289 451.218 2.76948 8.75785 1.97211 4.24879 9.15874 .180878

7.68 58.9824 452.985 2.77128 8.76856 1.97297 4.25068 9.15771 .180208

7.69 59.1861 454.757 2.77808 8.76926 1.97888 4.25248 9.16169 .180089

7.70 59.2900 456.588 2.77489 8.77496 1.97468 4.25482 9.16566 .129870

7.71 59.4441 458.814 2.77669 8.78066 1.97554 4.25616 9.16962 .129702

7.72 59.5984 460.100 2.77849 8.78685 1.97689 4.25800 9.17859 .129584

7.78 59.7529 461.890 2.78029 8.79204 1.97724 4.25984 9.17754 .129866

7.74 59.9076 468.685 2.78209 8.79778 1.97809 4.26168 9.18150 .129199

7.75 60.0625 465.484 2.78888 8.80841 1.97895 4.26851 9.18545 .129082

7.76 60.2176 467.289 2.78568 8.80909 1.97980 4.26584 9.18940 .128866

7.77 60.8729 469.097 2.78747 8.81476 1.98065 4.26717 9.19885 .128700

7.78 60.5284 470.911 2.78927 8.82048 1.98150 4.26900 9.19729 .128585

7.79 60.6841 472.729 2.79106 8.82610 1.98284 4.27088 9.20128 .128870

7.80 60.8400 474.552 2.79285 8.88176 1.98819 4.27266 9.20516 .128205

7.81 60.9961 476.880 2.79464 8.88742 1.98404 4.27448 9.20910 .128041

7.82 61.1524 478.212 2.79648 8.84808 1.98489 4.27681 9.21808 .127877

7.88 61.8089 480.049 2.79821 8.84878 1.98578 4.27818 9.21895 .127714

7.84 61.4656 481.890 2.80000 8.85488 1.98658 4.27995 9.22087 .127551

7.85 61.6225 488.787 2.80179 8.86002 1.98742 4.28177 9.22479 .127889

7.86 61.7796 485.588 2.80857 8.86566 1.98826 4.28859 9.22871 .127227

7.87 61.9869 487.448 2.80585 8.87180 1.98911 4.28540 9.28262 .127065

7.88 62.0944 489.804 2.80718 8.87694 1.98995 4.28722 9.28658 .126904

7.89 62.2521 491.169 2.80891 8.88257 1.99079 4.28908 9.24048 .126748

7.90 62.4100 498.089 2.81069 8.88819 1.99168 4.29084 9.24488 .126562

7.91 62.5681 494.914 2.81247 8.89882 1.99247 4.29265 9.24828 .126422

7.92 62.7264 496.798 2.81425 8.89944 1.99881 4.29446 925218 .126268

7.98 62.8849 498.677 2.81608 8.90505 1.99415 4.29627 9.25602 .126108

7.94 68.0486 500.566 2.81780 8.91067 1.99499 4.29807 9.25991 .125945

7.95 68.2025 502.460 2.81957 8.91628 1.99582 4.29987 9.26880 .125786

7.96 68.8616 504.858 2.82185 8.92188 1.99666 4.80168 9.26768 .125628

7.97 68.5209 506.262 2.82812 8.92749 1.99750 4.80848 9.27156 .125471

7.98 68.6804 508.170 2.82489 8.98808 1.99888 4.80528 9.27544 .125818

7.99 68.8401 510.082 2.82666 8.98868 1.99917 4.80707 9.27981 .125156

E1991640000 512.000 2.82848 8.94427 2.00000 4.80887 9.28818 .125000

I
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8.01 64.1601 513.922 2.83019 8.94986 2.00083 4.31066 9.28704 .124844

8.02 64.3204 515.850 2.83196 8.95545 2.00167 4.31246 9.29091 .124688

8.03 64.4809 517.782 2.83373 ' 8.96103 2.00250 4.31425 9.29477 .1 24533

8.04 64.6416 519.718 2.83549 8.96660 2.00333 4.31604 9.29862 .124378

8.05 64.8025 521.660 2.83725 8.97218 2.00416 4.31783 9.30148 .124224

8.06 64.9636 523.607 2.83901 8.97775 2.00499 4.31961 9.30633 .124070

8.07 65.1249 525.558 2.84077 8.98332 2.00582 4.32140 9.31018 .123916

8.08 65.2864 527.514 2.84253 8.98888 2.00664 4.32318 9.31402 .123762

8.09 65.4481 529.475 2.84429 8.99444 2.00747 4.32497 9.31786 .123609

8.10 65.6100 531.441 2.84605 9.00000 2.00830 4.32675 9.32170 .123457

8.11 65.7721 533.412 2.84781 9.00555 2.00912 4.32853 9.32553 .123305

8.12 65.9344 535.387 2.84956 9.01110 2.00995 4.33031 9.32936 .123153

8.13 66.0969 537.368 2.85132 9.01665 2.01078 4.33208 9.33319 .123001

8.14 66.2596 539.353 2.85307 9.02219 2.01160 4.33386 9.33702 .122850

8.15 66.4225 541.343 2.85482 9.02774 2.01242 4.33563 9.34084 .122699

8.16 66.5856 543.338 2.85657 9.03327 2.01325 4.33741 9.34466 .122549

3.17 66.7489 545.339 2.85832 9.03881 2.01407 4.33918 9.34847 .122399

8.18 66.9124 547.343 2.86007 9.04434 2.01489 4.34095 9.35229 .122249

8.19 67.0761 549.353 2.86182 9.04986 2.01571 4.34272 9.35610 .122 100

8.20 67.2400 551.368 2.86356 9.05539 2.01653 4.34448 9.35990 .121951

8.21 67.4041 553.388 2.86531 9.06091 2.01735 4.34625 9.36370 .121803

8.22 67.5684 555.412 2.86705 9.06642 2.01817 4.34801 9.36751 .121655

8.23 67.7329 557.442 2.86880 9.07193 2.01899 4.34977 9.37130 .121507

8.24 67.8976 559.476 2.87054 9.07744 2.01980 4.35153 9.37510 .121359

8.25 68.0625 561.516 2.87228 9.08295 2.02062 4.35329 9.37889 .121212

8.26 68.2276 563.560 2.87402 9.08845 2.02144 4.35505 9.38268 .121065

8.27 68.3929 565.609 2.87576 9.09395 2.02225 4.35681 9.38646 .120919

8.28 68.5584 567.664 2.87750 9.09945 2.02307 4.35856 9.39024 .120773

8.29 68.7241 569.723 2.87924 9.10494 2.02388 4 .36032 9.39402 .120627

8.30 68.8900 571.787 2.88097 9.11043 2.02469 4.36207 9.39780 .120482

8.31 69.0561 573.856 2.88271 9.11592 2.02551 4.36382 9.40157 .120337

8.32 69. 2224 575.930 2.88444 9.12140 2.02632 4.36557 9.40534 .120192

8.33 69.3889 578.010 2.88617 9.12688 2.02713 4.36732 9.40911 .120048

8.34 69.5556 580.094 2.88791 9.13236 2.02794 4.36907 9.41287 .119904

8.35 69.7225 582.183 2.88964 9.13783 2.02875 4.37081 9.41663 .119761

8.36 69.8896 584.277 2.89137 9.14330 2.02956 4.37255 9.42039 .119617

8.37 70.0569 586.376 2.89310 9.14877 2.03037 4.37430 9.42414 .119474

8.38 70.2244 588.480 2.89482 9.15423 2.03118 4.37604 9.42789 .119332

8.39 70.3921 590.590 2.89655 9.15969 2.03199 4.37778 9.43164 .119190

8.40 70.5600 592.704 2.89828 9.16515 2.03279 4.37952 9.43539 .119048

8.41 70.7281 594.823 2.90000 9.17061 2.03360 4.38126 9.43913 .118906

8.42 70.8964 596.948 2.90172 9.17606 2.03440 4.38299 9.44287 .118765

8.43 71.0649 599.077 2.90345 9.18150 2.03521 4.38473 9.44661 .1 18624

8.44 71.2336 601.212 2.90517 9.18695 2.03601 4.38646 9.45034 .118483

8.45 71.4025 603.351 2.90689 9.19239 2.03682 4.38819 9.45407 .118343

8.46 71.5716 605.496 2.90861 9.19783 2.03762 4.38992 9.45780 .118203

8.47 71.7409 607.645 2.91033 9.20326 2.03842 4.39165 9.46152 .118064

8.48 71.9104 609.800 2.91204 9.20869 2.03923 4.39338 9.46525 .117925

8.49 72.0801 611.960 2.91376 I 9.21412 2.04003 4.39511 9.46897 .117786

8.50 72.2500 614.125 ‘ 2 91548 1 9.21954 2.040193 . 4.39683 9.47268 .117647
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72.4201 616.295 2.91719 9.22497 2.04163 4.39855 9.47640 .117509

72.5904 618.470 2.91890 9.23038 2.04243 4.40028 9.48011 .117371

72.7609 620.650 2.92062 9.23580 2.04323 4.40200 9.48381 .117233

72.9316 622.836 2.92233 9.24121 2.04402 4.40372 9.48752 .117096

73.1025 625.026 2.92404 9.24662 2.04482 4.40543 9.49122 .116959

73.2736 627.222 2.92575 9.25203 2.04562 4.40715 9.49492 .116822

73.4449 629.423 2.92746 9.25743 2.04641 4.40887 9.49861 .116686

73.6164 631.629 2.92916 9.26283 2.04721 4.41058 9.50231 .116550

73.7881 633.840 2.93087 9.26823 2.04801 4.41229 9.50600 .1164“

73.9600 636.056 2.93258 9.27362 2.04880 4.41400 9.50969 f .116279

74.1321 638.277 2.93428 9.27901 2.04959 4.41571 9.51337 .116144

74.3044 640.504 2.93598 9.28440 2.05039 4.41742 9.51705 .116009

? 74.4769 642.736 2.93769 9.28978 2.05118 4.41913 9.52073 .115875

74.6496 644.973 2.93939 9.29516 2.05197 4.42084 9.52441 .115741

74.8225 647.215 2.94109 9.30054 2.05276 4.42254 9.52808 .115607

74.9956 649.462 2.94279 9.30591 2.05355 4.42425 9.53175 .115473

75.1689 651.714 2.94449 9.31128 2.05434 4.42595 9.53542 .115340

75.3424 653.972 2.94618 9.31665 2.05513 4.42765 9.53908 .115207

75.5161 656.235 2.94788 9.32202 2.05592 4.42935 9.54274 .115075

75.6900 658.503 2.94958 9.32738 2.05671 4.43105 9.54640 .114943

75.8641 660.776 2.95127 9.33274 2.05750 4.43274 9.55006 .114811

76.0384 663.055 2.95296 9.33809 2.05828 4.43444 9.55371 .114679

76.2129 665.339 2.95466 9.34345 2.05907 4.43614 9.55736 .114548

76.3876 667.628 2.95635 9.34880 2.05986 4.43783 9.56101 .114417

76.5625 669.922 2.95804 9.35414 2.06064 4.43952 9.56466 .114286

76.7376 672.221 2.95973 9.35949 2.06143 4.44121 9.56830 .114155

76.9129 674.526 2.96142 9.36483 2.06221 4.44290 9.57194 .114025

77.0884 676.836 2.96311 9.37017 2.06299 4.44459 957557 .113895

77.2641 679.151 2.96479 9.37550 2.06378 4.44627 9.57921 .113766

77.4400 681.472 2.96648 9.38083 2.06456 4.44796 9.58284 .113636

77.6161 683.798 2.96816 9.38616 2.06534 4.44964 9.58647 .113507

77.7924 686.129 2.96985 9.39149 2.06612 4.45133 9.59009 .113379

77.9689 688.465 2 .97153 9.39681 2.06690 4 .45301 9.59372 .113250

78.1456 690.807 2.97321 9.40213 2.06768 4.45469 9.59734 .113122

78.3225 693.154 2.97489 9.40744 2.06846 4.45637 9.60095 .112994

78.4996 695.506 2 .97658 9.41276 2.06924 4.45805 9.60457 .112867

78.6769 697.864 2.97825 9.41807 2.07002 4.45972 '9.60818 .112740

78.8544 700.227 2.97993 9.42338 2.07080 4.46140 9.61179 .112613

79.0321 702.595 2.98161 9.42868 2.07157 4.46307 9.61540 .112486

79.2100 704.969 2.98329 9.43398 2.07235 4.46474 9.61900 .112360

79.3881 707.348 2.98496 9.43928 2.07313 4.46642 9.62260 .112233

79.5664 709.732 2.98664 9.44458 2.07390 4.46809 9 62620 .112108

79.7449 712.122 2.98831 9.44987 2.07468 4.46976 9.62980 .111982

79.9236 714.517 2.98998 9.45516 2.07545 4.47142 9.63339 .111857

80.1025 716.917 2.99166 9.46044 2.07622 4.47309 9.63698 .111732

80.2816 719.323 2.99333 9.46573 2.07700 4.47476 9.64057 .111607

80.4609 721.734 2.99500 9.47101 2.07777 4.47642 9.64415 .111483

80.6404 724.151 2.99666 9.47629 2.07854 4.47808 9.64774 .111359

80.8201 726.573 2.99833 9.48156 2.07931 4.47974 9.65132 .111235

81.0000 729.000 3.00000 9.48683 2.08008 4.48140 9.65489 .1111“
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9.01 81.1801 731.433 i 3.00167 9.49210 2.08085 4.48306 9.65847 .110988

9.02 81.3604 733.871 I 3.00333 ' 9.49737 2.08162 4.48472 9.66204 4 .110865
9.03 81.5409 736.314 3.00500 9.50263 2.08239 4.48638 9.66561 .110747

9.04 81.7216 738.763 3.00666 9.50789 2.08316 4.48803 9.66918 .110620

9.05 81.9025 741.218 3.00832 9.51315 2.08393 4.48968 9.67274 .110497

82.0836 743.677 3.00998 9.51840 2.08470 4.49134 9.67630 .1 10375

82.2649 746.143 3.01164 9.52365 2.08546 4.49299 9.67986 .110254

82.4464 \ 748.613 3.01330 9.52890 2.08623 4.49464 9.68342 .1 10132

82.6281 751.089 3.01496 9.53415 2.08699 4.49629 9.68697 .110011

82.8100 753.571 3.01662 9.53939 2.08776 4.49794 9.69052 .109890

82.9921 756.058 3.01828 9.54463 2.08852 4.49959 9.69407 .109770

83.1744 758.551 3.01993 9.54987 2.08929 4.50123 9.69762 .109649

83.3569 761.048 3.02159 9.55510 2.09005 4.50288 9.70116 .109529

83.5396 ‘ 763.552 3.02324 9.56033 2.09081 4.50452 9.70470 .109409

83.7225 766.061 3.02490 9.56556 2.09158 4.50616 9.70824 . 109290

83.9056 768.575 3.02655 9.57079 2 .09234 4 .50780 9.71177 . 109170

84.0889 771.095 3.02820 9.57601 2.09310 4.50945 9.71531 .109051

84.2724 773.621 3.02985 9.58123 2.09386 4.51108 9.71884 .108933

84.4561 776.152 3.031% 9.58645 2.09462 4.51272 9 72236 .1088“

84.6400 778.688 3.03315 9.59166 2.09538 4.51436 9.72589 .108696

84.8241 781.230 3.03480 9.59687 2.09614 4.51599 9.72941 .108578

85.0084 783.777 3.03645 9.60208 2.09690 4.51763 9.73293 .108460

85.1929 786.330 3.03809 9.60729 2.09765 4.51926 9.73645 .108342

85.3776 788.889 3.03974 9.61249 2.09841 4.52089 9.73996 .108225

85.5625 791.453 3.04138 9.61769 2.09917 4.52252 9.74348 .108108

85.7476 794.023 3.04302 9.62289 2.09992 4.52415 9.74699 .107991

85.9329 796.598 3.04467 9.62808 2.10068 4.52578 9.75049 .107875

86.1184 799.179 3.04631 9.63328 2.10144 4.52740 9.75400 .107759

86.3041 801.765 3.04795 9.63846 2.10219 4.52903 9.75750 .107643

86.4900 804.357 3.04959 9.64365 2.10294 4.53065 9.76100 .107527

86.6761 806.954 3.05123 9.64883 2.10370 4.53228 9.76450 .107411

86.8624 809.558 3.05287 9.65401 2.10445 4.53390 9.76799 .107296

87.0489 8121166 3.05450 9.65919 2.10520 4.53552 9.77148 .107181

87.2356 814.781 3.05614 9.66437 2.10595 4.53714 9.77497 .107066

87.4225 817.400 3.05778 9.66954 2.10671 4.53876 9.77846 .106952

87.6096 820.026 3.05941 9.67471 2.10746 4.54038 9.78195 .106838

87.7969 822.657 3.06105 9.67988 2.10821 4.54199 9.78543 .106724

87.9844 825.294 3.06268 9.68504 2.10896 4.54361 9.78891 .106610

88.1721 827.936 3.06431 9.69020 2.10971 4.54522 9.79239 .106496

88.3600 830.584 3.06594 9.69536 2.11045 4.54684 9.79586 .106383

88.5481 833.238 3.06757 9.70052 2.11120 4.54845 9.79933 .106270

88.7364 835.897 3.06920 9.70567 2.11195 4.55006 9.m2&) .106157

88.9249 838.562 3.07083 9.71082 2.11270 4.55167 9.80627 .106045

89.1136 841.232 3.07246 9.71597 2.11344 4.55328 9.80974 .105932

89.3025 843.909 3.07409 9.72111 2.11419 4.55488 9.81320 .105820

89.4916 846.591 3.07571 9.72625 2.11494 4.55649 9.81666 .105708

89.6809 849.278 3.07734 9.73139 2.11568 4.55809 9.82012 .105597

89.8704 851.971 3.07896 9.73653 2.11642 4.55970 9.82357 .105485

90.0601 854.670 3.08058 9.74166 2.11717 4.56130 9.82703 .105374

90.2500 857.375 3.08221 9.74679 2.11791 4.56290 9.83048 .105263
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90.4401 860.085 3.08383 9.75192 2.11865 4.56450 9.83392 I .105153

90.6304 862.801 3.08545 9.75705 2.11940 4.56610 9.83737 .105042

90.8209 865.523 3.08707 9.76217 2.12014 4.56770 9.84081 .104932

91 .0116 868.251 3.08869 9.76729 2.12088 4.56930 9.84425 .104822

91.2025 870.984 3.09031 9.77241 2.12162 4.57089 9.84769 .104712

91.3936 873.723 3.09192 9.77753 2.12236 4.57249 9.85113 .104603

91 .5849 876.467 3.09354 9.78264 2.12310 4.57408 9.85456 .104493

91 .7764 879.218 3.09516 9.78775 2.12384 4.57568 9.85799 .104384

91 .9681 881.974 3.09677 9.79285 2.12458 4.57727 986142 .104275

92.1600 884.736 3.09839 9.79796 2.12532 4.57886 9.86485 .104167

92.3521 887.504 3.10000 9.80306 2.12605 4.58045 9.86827 .104058

92.5444 890.277 3.10161 9.80816 2.12679 4.58203 9.87169 .103950

92.7369 893.056 3.10322 9.81326 2.12753 1 4.58362 9.87511 .103842

'; 92.9296 895.841 3.10483 9.81835 2.12826 4.58521 9.87853 .103734

93.1225 898.632 3.10644 9.82344 2.12900 4.58679 9.88195 .103627

93.3156 901.429 3.10805 9.82853 2.12974 4.58838 9.88536 .103520

93.5089 904.231 3.10966 9.83362 2.13047 4.58996 9.88877 .103413

93.7024 907.039 3.11127 9.83870 2.13120 4 .59154 9.80217 .103306

93.8961 909.853 3.11288 9.84378 2.13194 4.59312 9.89558 .103199

94.0900 912.673 3.11143 9.84886 2.13267 4.59470 9.89&8 .103093

94.2841 915.499 3.11609 9.85393 2.13340 4.59628 9.90238 .102987

94.4784 918.330 3.11769 9.85901 2.13414 4.59786 9.90578 .102881

94.6729 921.167 3.11929 9.86408 2.13487 4.59943 9.90918 .102775

94.8676 924.010 3.12090 9.86914 2.13560 4.60101 9.91257 .102669

95.0625 926.859 3.12250 9.87421 2.13633 4.60258 9.91596 .102564

95.2576 929.714 3.12410 9.87927 2.13706 4.60416 9.91935 .102459

95.4529 932.575 3.12570 9.88433 2.13779 4.60573 9.92274 .102354

95.6484 935.441 3.12730 9.88939 2.13852 4.60730 9.92612 .102250

95.8441 938.314 3.12890 9.89444 2.13925 4.60887 9.92950 .102145

96.0400 941.192 3.13050 9.89949 2.13997 4.61044 9.93288 .1020“

96.2361 944.076 3.13209 9.90454 2.14070 4.61200 9.93626 .101937

96.4324 946.966 3.13369 9.90959 2.14143 4.61357 9.93964 .101833

96.6289 949.862 3.13528 9.91464 2.14216 4.61513 9.94301 .101729

96.8256 952.764 3.13688 9.91968 2.14288 4.61670 9.94638 .101626

97.0225 955.672 3.13847 9.92472 2.14361 4.61826 9.94975 .101523

no

0"

97.2196 958.585 3.14006 9.92975 2.14433 4.61983 9.95311 .101420

97.4169 961.505 3.14166 9.93479 2.14506 4.62139 9.95648 .101317

97.6144 964.480 3.14325 9.93982 2.14578 4.62295 9.95984 .101215

97.8121 967.362 3.14484 9.94485 2.14651 4.62451 9.96320 .101112

98.0100 970.299 3.14643 9.94987 2.14723 4.62607 9.96655 .101010

98.2081 973.242 3.14802 9.95490 2.14795 4.62762 9.96991 .100908

98.4064 976.191 3.14960 9.95992 2.14867 4.62918 9.97326 .100807

98.6049 979.147 3.15119 9.96494 2.14910 1‘ 4.63073 9.97661 .100705

98.8036 982.108 3.15278 9.96995 . 2.15012 4.63229 9.97996 .100604

99.0025 985.075 3.15436 9.97497 ‘ 2.15084 4.63384 9.98331 .100503

99.2016 988.048 3.15595 9.97998 2.15156 4.63539 9.98665 .100402

99.4009 991.027 3.15753 9.98499 2.15228 1 4.63694 9.98999 .100301

99.6004 994.012 3.15911 9.98999 ‘ 2.15300 ‘ 4.63849 9.99833 .100200

99.8001 997.003 3.16070 9.99500 ‘ 2.15372 4.64004 9.99667 .100100

100.000 1000.00 3.16228 10.0000 2.15443 4.64159 10.0000 .100000
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Squaw RO0L—-—EXAMPLI.—- (a) “3.1416 = .7 (b) 12342.9 =?

SOLUTION.—(a) In this case. the decimal point need not

be moved. In the table under 212 find 3.1329=1.77"v and

3.1684==l.782. one of these numbers being a little less and

the other a little greater than the given number 3.1416. The

first three figures of the required root are 177. 31.684

—3l.329 == 355 is the first difference; 31,416 (the number

itself)—31.329=87 is the second difference. 87+355= .245.

or .25, which gives the fourth and fifth figures of the root.

Kareem=1.7725.

(b) Pointing off and placing the decimal point between

the first and second periods, the number appears 23.4290.

Under 112 find 23.4256=4.842 and 23.5225=4.852. The first

three figures of the root are 484. The first difference is

235,225—234.256=969; the second difierence is 234,290

—234.256=84; 34+969= .035, or .04. which gives the fourth

and fifth figures of the root. Since the integral part of the

number 23’42.9 contains two periods. the integral part of

the root contains two figures, or 2342.9=48.404.

Cube Root.—ExAMPLE.—(a) {000006241—7 = 1

(17) 750982676 = v.7

SOLUTION—(41) Pointed off, the number appears .000’~

006’241’700. and with the decimal point placed between

the first and second periods of the significant part, gives

6.2417. Under 113 find 6.22950=1.843 and 6.33163=1.853.

The first three figures of the root are 1.84. The first differ

ence is 10,213, and the second difference is 1.220; 1.220

+10,213=.119, or .12. which gives the fourth and fifth

figures. There is one cipher period after the decimal point

in the number; hence, {000006241 = .018412.

(1)) Replace all after the sixth figure with ciphers, maldng

the sixth figure 1 greater when the seventh figure is 5 or

greater; that is. {50932700 and {50932676 will be the same.

Placing the decimal point between the first and second

periods gives 50.9327. Under 213 find 50.6530=3.7()3 and

510648-3713. The first three figures of the root are 370.
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The second difi'erence 2,797 + the first difference‘ 4,118

-= .679 or .68. Hence. Q50932676—37058.

Squares—If the given number contains less than four sig»

nificant figures. the significant figures of the square or cube

can be found under 1;: or n3 opposite the given number

under n. The decimal point can be located by the fact that if

the column headedVi; is used, the square will contain twice

as many figures as the number to be squared, while if the

column headed V; is used. the square will contain twice as

many figures as the number to be squared, less 1. If the

number contains an integral part. the principle is applied to

the integral part only; if the number is wholly decimal, the

square will have twice as many ciphers, or twice as many

plus 1, following the decimal point as in the number itself,

depending on whether War ‘1; column is used.

To square a number containing more than three signifi

cant figures. place the decimal point between the first and

second significant figures and find in the column headed Vii

or 104 two consecutive numbers, one a little greater and

the other a little less than the given number. The remainder

of the work is exactly as described for extracting roots. The

square will contain twice as many figures as the number

itself, or twice as many less 1, according to whether the

column headed \il—(J—n or ‘5 is used. The number of cipher:

following the decimal point in the square of a number wholly

decimal is indicated in the same way.

EXAMPLE 1.—(a) 273.422=? (b) .0524362=?

Soul-nom—(a) Placing the decimal point between tht

first and second significant figures. the number is 2.7342,

which occurs between 2.73313= WT! and 2.73496= 4778.

found under ‘5. The first three figures of the square are

747. The second difference 107 + the first difference 183

=.584, or .58. Hence, 273.422=74.758.

(b) With the position of the decimal point changed, the

number is 5.2436. which is between 5.23450—V2J4 and

524404= V2.75. both under V176; The first three signifi

cant figures of the root are 2.74 and the second difierence
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910 + the first difi'erence 954-.953, or .95. the next two

figures. The number has one cipher following the decimal

point, and the column headed M is used; hence. .052436I

‘ .0027495.

Cubes.—To cube 3 number, proceed in the same way, but

use a column headed {12, {TO—n, or {ll . If the number

contains an integral part, the number of figures in the integral

part of the cube will be three times as many as in the given

number if the column headed {1001; is used; it will be three

times as many less 1 if the column headed W is used; and '

it will be three times as many less 2 if the column headed

1?; is used. If the number is wliolly decimal, the number of

ciphers following the decimal point in the cube will be three

times. three times plus 1, or three times plus 2. as many as

in the given number, depending on whether {100m {1671,

or ii; column is used.

EXAMPLE 2.—(a) 129.6843= I" (b) 7.64423= P (c) .0324253= ?

Sournou.—(a) With the position of the decimal point

changed, the number 1.29684 is between 1.29664= {Zlg

and 1.29862 = VIE), found under The second difference

20 -:- the first difference 198=.101 + , or .10. Hence, the

first five significant figures are 21810; the number of figures

in the integral part of the cube is 3X3—2=7; and 129.6843

=2,181,000. correct to five significant figures.

(b) 7.64420 occurs between 7.64032=il$i€ and 7.64603

== {144—7. The first difference is 571; the second difference is

388; and 388+57l = .679+, or .68. Hence, the first five

significant figures are 44668; the number of ciphers following

the decimal point is 3X 0=O; and 7.64423=446.68. correct to

five significant figures.

(0) 3.2425 £3115 between 3.24278 =mand 3.23961

= {10 X 5.4—0. The first difference is 317; the second difference

is 289; 289+317= .911 + , or .91. Hence, the first five signifi

cant figures are 34091; the number of ciphers following the

decimal point is 3 X 1 + 1 =4; and .0324253= 000034091,

correct to five significant figures.
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Reciproclls.-—The table gives the reciprocals of all num

bers expressed by three significant figures correct to six sig

nificant figures. The number of ciphers following the decimal

point in the reciprocal of a number is 1 less than the number

of figures in the integral parts of the number; and if the

number is entirely decimal, the number of figures in the

integral part of the reciprocal is 1 greater than the number

of ciphers following the decimal point in the number. For

example, the reciprocal of 3370=.000296736 and of .00348

=287.356.

The following examples show the process when the number

contains more than three significant figures:

EXAMPLE.—The reciprocal (a) of 379.426=? (b) of

.0004692=?

SOLUTION.—-(a) .379426 falls between .378788=fi and

2%? The first difierence is aso.22s—31s.7ss

—l,440; the second difference is 380,228—379,426=802;

802+1,440=.557, or .56. Hence, the first five significant

figures are 26356. and the reciprocal of 379.426 is .0026356,

to five significant figures.

(b) .469200 falls between .469484=2—11§ and .467290

1
=m, The first difference is 2,194; the second difierence is

l
284, 284+2,194—.129+, or .13. Hence, mfi=2,131.3,

.380228 =

correct to five significant figures.

MENSURATION

In the following formulas, unless otherwise stated, the

letters have the meanings here given:

A = area of a plane figure;

d = diameter;

1 = radius;

p perimeter, or circumference;

1r ratio of any circumference to its diameter.
ll
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POLYGONS

  

Rectangle and Right-angled triangle Any triangle

  

  

  

parallelogram :2 = 02 + 1':2 A =- 1} b h

A = ab A = 4} a b

CIRCLES

The circle: p= 1rd=21rr

A = “12 =%

The ring: A=Z<D2—d2)

The sector: E

= = = 2
A Hr 566172 .0087271 E

E = angle; l=1ength of are

I \ The segment:

E c
/ = _ _ =__ 2__ _A 1,411 m h)] 360M 2(1 h)

_fl_—- 180 -— ‘01757E

c =chord = 2 ‘12hr— h2

ELLIPSE

_ Dfid2 (D—d)’
p—vr ____~__I 2 8.8

  

T

A = ZDd

SOLIDS

The cylinder: Convex surface‘l'dh

  

Both and surfaces = %2I

l
J. Volume ="—::2 h
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The sphere:

Surface = miz = 41”2

1 4
Volume — 61rd3 — 51w"

USEFUL NUMBERS

1= .3183 n2=9.8696 %= .1013
11’ 1 1'

a —= .5642V; 1 .7725 V;
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FALLING BODIES

Let g = 32.16=constant acceleration due to the attrac

tion of the earth;

number of seconds that the body falls;

velocity in feet per second at the end of the

time 1;

distance, in feet. that the body falls during the

time t.

Then, v=p=27h=fié7t=s.o2%

_-u1 L42 v2

__=_s=__= g.h 2 2 2g .01554711,

QM
II

II

=~
ll

:=~=~= ?=.24938Vli.

If h is in centimeters and 'u in centimeters per second. then

[-981 at Paris.  

CENTRIFUGAL FORCE

F = centrifugal force, in pounds;

W = weight of revolving body, in pounds;

m mass of body = %;ll

distance from axis of motion to center of gravity of.

body. in feet;

Q I
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N — number of revolutions per minute;

0 = velocity, in feet per second.

F= 5’5 =w} = .00034WrN2.
gr 7'

In calculating the centrifugal force of flywheels. it is Cus

tomary to neglect the arms and take r equal to the mean

radius of the rim; in such cases. W is taken as one-half the

weight of the rim. The result thus obtained, divided by 11, is

approximately the force tending to burst the flywheel rim.

Examine—What is the force tending to burst a flywheel

rim weighing 7 tons, making 150 rev. per min.. and having

a mean radius of 5 ft.?

SOLUTION.—

F= .00034X (i XZZ<2900)5X 1502
3.1416 -85.227 lb.

PARALLELOGRAM OF FORCES

Let db and qb represent the magnitudes and directions

of two forces that act to move the body b.

By completing the parallelogram, there will

be Obtained a diagonal force fb, whose mag

nitude and direction are equal to the effect

produced by db and qb. fb is called the

resultant of db and qb. If three or more

forces act in difienent directions to move a

body 17. find the resultant of any two of

them, and consider it as a single force.

Between this and the next force find a

second resultant. Thus. pb. qb. and 717 are

magnitudes and directions of the forces.

pb+qb+1b=gb+rb=fb, which is the resultant in the mag

nitude and direction of the three forces pb. qb, and 11).

I

   

WORK AND POWER

Work is the overcoming of resistance through a distance

The unit of work is the foobpaund; that is. it equals 1 lb.

raised vertically 1 ft. The amount of work done is equal to
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the resistance in pounds multiplied by the distance in feet

through which it is overcome. If a body is lifted, the resist

ance is the weight or the overcoming of the attraction of

gravity, the work done being the weight in pounds multi

plied by the height of the lift in feet. If a body moves in

a horizontal direction, the work done is the friction over

come, or the force needed to move a resistant body or c0m~

bination of bodies, multiplied by the distance moved through.

Power is the rate of doing work, or the quantity of work

done in unit time. The ordinary unit of mechanical power

is the horsepower, which is equivalent to 33,000 ft.-lb. per

min., or 550 ft.-lb. per sec.

The work necessary to be done in raising a body weighing

“7 lb. through a height of h it. equals W h ft.-lb. The total

work that any moving body is capable of doing in being

brought to rest equals its kinetic energy, or Ezg=§ mu”.

The kinetic energy of a 200,000-lb. train running at 40 mi.

per hr. (58.7 ft. per sec.) is 200,000X58.72+(2X32.16)

=10,714,220 ft.-lb.; the retarding force necessary to stop

the train within 2,000 ft. is 10,714,220+2,000=5357.1 1b.,

and the average power'required to stop the train in 1} min.

is 10,714,220+§=21,428,440 ft.-lb. per min. or 21,428,440

+33,000=649.3 H. P.

BELTS, smr'rmo, ETC.

To find the angle of contact of a belt on each pulley:

Let D =- diameter of the larger pulley, in inches;

d = diameter of the smaller pulley, in inches;

1 = distance between the pulley centers, in inches;

0. = 4} the arc of contact on the smaller pulley.

D— d
Then, Cos u =ET.

From a table of natural cosines the angle a. can be found

and 2 u=the arc of contact on the smaller pulley; 360°-—2¢

= the arc of contact on the larger pulley. In calculating

belts, only the are of contact on the smaller pulley need be

considered.
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j.

To find the length L of a belt,

D+d .
L = ——2— X 3} +21, apprommately.

Nine—These formulas apply only to ordinary open belts

and not to crossed belts.

EXAMPLB.—-A 12-in. pulley and a 60-in. pulley with cen

ters 15 it. apart are connected by an open belt. (0) Find

the arc of contact of the belt on each pulley. (b) Find the

length of the belt.

Sotoron.—-(a) 15 ft. a 180 in. (60 -— 12) + (2 X 180)

-= .1333 = cos 82° 20'.

Arc of contact on smaller pulley= 2 X 82° 20'= 164° 40'.

Arc of contact on larger pulley=360~164° 40' = 195° 20'.

(b) 602-+—12><3i+2><180=477 in.=39 ft. 9 in.

The following formulas give conservative results:

Let C = allowable eFfective pull, in pounds per inch.

width of belt (see table);

H = horsepower to be transmitted;

W = width of belt, in inches;

V = belt speed, in feet per minute.

 

 

 

 

33.000H I _

The“ W_'W-' 13.000

ALLOWABLE BELT PULL

, Allowable Pull per Inch
Arc C0\ ered by Belt Width in Pounds

052323322; seem“ D321?“

90 .250 23 32 . 9

112§ .312 27.4 39.2

120 .333 28.8 41.2

135 . 375 31 .3 44 . 7

150 .417 33.8 48.3

157* .437 34.9 49.9

180 . 500 38 l 54 .5
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Single belting is 1’; in. thick; four-ply cotton belting is

generally considered equivalent to single belting. To install

one pulley directly over the other, so that the belt runs

vertical should be avoided if possible; it is better that the

angle between the belt and the floor does not exceed 45°,

and the bottom side of the belt should be the driving side.

The distance between pulley centers depends on the size of

the pulleys and of the belt; it should be great enough so that

the belt will run with a slight sag and a gently undulating

motion, but not great enough to cause excessive sag and an

unsteady flapping motion of the belt. In general, the cen

ters of small pulleys carrying light narrow belts should be

about 15 ft. apart and the belt sag 1% to 2 in.; for large pul

leys and heavy belts the distance should be 20 to 30 ft. and

the sag 2} to 5 in.

Loose-running belts will last much longer than tight ones,

and will be less likely to cause heating and wear of pulley

bearings. High-speed belts are less likely to slip than low

speed belts; hence. pulleys should be selected so as to make

the belt speeds high, provided they do not exceed 3.500 ft.

per min. for laced belts and 5,000 ft. per min. for endless

belts. Leather belts should be run with the grain, or hair,

side next to the pulley; they should be kept clean, dry, and

free from grease and lubricating oil. A dry, husky, leather

belt can be made soft and pliable by the application of a

coat of melted tallow and beeswax; this should be done only

when the belt becomes dry and hard.

SHAFTING

The diameter of a shaft may be found by the following

formulas. The first is used when great stiffness is required

and the shafts are very long; the second when strength only

is required to be considered; and the third for calculating

the diameters of steel shafts for dynamos.

d = diameter of shaft, in inches;

H = horsepower transmitted;

W = kilowatts output;

N = number of revolutions per minute;

a - constant in formula (1):
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t' - constant in formula (2);

k — constant in formula (3).

d-c'Vg (1) d=c’\‘/1€ (2) d-k‘qg (3)

r -5.26 for cast iron; 4.75 for wrought iron; 3.96 for steel;

t’-4.02 for cast iron; 3.63 for wrought iron; 3.03 for steel.

k—.9 to 1 for l- to 10-kilowatt dynamos;

h— 1.1 to 1.4 for 50- to 500-kilowatt dynamos.

North—To extract the fourth root, extract the square

loot twace.

ROPES AND CHAINS

D — diameter of the rope in inches = diameter of iron

from which the link in chain is made;

W - safe load in tons of 2,000 lb.

For common hemp rope, W = i D3.

For iron-wire rope. W =5 D2.

For steel-wire rope, W = 15* D2.

For close-an wrought—iron chain, W = 6 D”.

For stud-link wrought-iron chain, W — 9 D”.

I.
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ELECTRICITY AND MAGNETISM

ELECTRICAL UNITS, SYMBOLS, AND

QUANTITIES

The fundamental units. from which are derived the units

used in electricity and magnetism. are the centimeter as the

unit of length, the gram as the unit of mass. and the second

as the unit of time. A system of units derived from these

fundamental units is called the centimeter-gram-second.

or C. G. 5., system. The C. G. S. unit of velocity, sometimes

called the kin: is 1 centimeter per second; the C. G. S.

unit of force. called the dyne, is the force required to produce

an acceleration of 1 kine per second in a body having a

mass of 1 gram; the C. G. S. unit of work or energyl called

the erg. is the work done by a force of 1 dyne working

through a distance of 1 centimeter.

Two systems of units are derived from the fundamental

units: the eledrastatic umts. based on the force exerted

between two quantities of electricity; and the electromagnetic

units, based on the force exerted between two magnetic

poles or between a current and a magnetic pole. The ratio

of the electrostatic to the electromagnetic units is some

multiple or submultiple of the velocity v of light in air

which is 3X 101° cm. per sec.

The electrostatic units are those of quantity, current

electromotive force. resistance. capacity. and inductivity.

These units have not been named.

The electromagnetic units may be considered in two

classes, electric units and magnetic units. The C. G. S.

electromagnetic units have not been named and, as they

are inconvenient in magnitude for practical purposes. a

so-called practical system of units has been adopted.

Practical electromagnetic units are equal to the C. G. S.

electromagnetic units multiplied or divided by some power

of 10. The practical units are used to express quantity of

electricity, strength of electric current, electromotive force

resistance. work. power. inductance, and capacity.
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The magnetic units that would correspond to the prac

tical electric units are not used and have not been definitely

named on account of their inconvenient magnitudes. The

names of all the practical electromagnetic units. except the

mho, have been adopted by some international conventions

and their use legalized by most of the important nations.

Numerical Expression of Electrical Units.-—The expression

of electrical units often requires large numbers, and it is

customary to use the multiple 10 with an index to indicate

the power to which it is raised. The sign of the index

indicates whether the designated power of 10 is to be used

as a multiplier or as a divisor. For example. 7X 1022=700.

 

-2= . _1=_”- 1,: _9=__—'”but 7X10 7:11;" leO 10' X10 1,000,000,000'

4 _ .
723x10 -10‘000 .0723. etc.

LIST OF IMPORTANT SYMBOLS

In the two tables following, 1 represents a. length or dis

tance, F a force, 1: a velocity, T the number of turns in a

coil or circuit. t time. W work, and A an area.

In this work. the following meanings-will be understood

unless otherwise specified:

A =area in square centimeters;

l=area in square inches;

(l5=magnctic density per square centimeter;

B=rnagnetic density per square inch;

C=capacity in farads or microfarads;

D. d =diameters;

E, e=electr0motive force, in volts;

F=force. usually in dynes;

=magnetomotive force;

G= conductance;

3c=intensity of magnetic field per square centimeter;

i'. =intensity of magnetic field per sqnare inch;

H P. =horsepower;

1‘ =current, in amperes;

3=intensity of magnetization;

j=work. in joules;
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MAGNETICUNITS

  

MagneticQuantitiesSymbol_NamesofC.G.S.Units

Strengthofpole..................mm=VF!zHasnoname Magneticmoment................Sn,m=mlHasnoname

...m

inbountyofmagnetization........5=2Hasnoname

Magnetizingforceorfielddensity..5CJC=£=7§Gifis'crgl:1line0fforceper

1

Susceptibility....................KK=5T1Hasnoname

Magnetomotiveforce.............{FEF=ZKZIorGilbert

5W(Notinternationallyaccepted)

Magneticdensityormagnetic_7n_~

induction..............(B05=4WJ+JQGi‘éis'eéf11‘”°ff°’°°p"
Magnetic1)q7=65AMaxwe1],or11ineofforce

(l5

Permeability.....................,llp=JT:Hasnoname

§

Reluctance........(Rm=w°foersted

@l(Notinternationallyaccepted)

(R=_

Ail
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ELECTRICALUNITS

 

QuantitiesbyWhichtoMultiply

PracticalElectromagnetic

  

NamesofUnitst0Reduceto

ElectricalSvm-DefiningPractical _

QuantitiesbolEquationElectromagnetic

msC.G8Electro

C.G.S.Electro-‘ -' -

magneticUnitsSzgnglrgl? Current.......IoriI=LAmpere10—10X10—1=3X10°

Quantityoflac

electricity..Qorq0=1!orCoulomb10‘10X10—1=3X10D

Q=VFP

Electromotive

force.......EoreE=JClv=7orVolt108103+”=§X10—"

=K

Resistance....RR—TorOhm10°10“+07—}X10—"

l

W

Ra2’1

Resistivity....P=-—Ohm
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ELECTRICALUNITS~(('0ntinurd)

 

QuantitiesbyWhichtoMultiply

PracticalElectromagnetic

 
 

 

 

'- _‘NamesofUnitstoReduceto

51112233:553?112)$3351Practical .

‘ElectfilrgggnetwC.G'5.Electro_C.G.$.Electro
smagneticUnitsSji‘gquifis

1Mb

Conductance...GG=R(Notlutemgtlonally

laciited)

..O

Conductivzty..Tr=f—)(Notinternationally

aeto

WorkorenergyWorII:15]!Cl:oiile107ergs

ower........PP=EIatt107ergspersec.

Capacity......CC=%Farad10-9v2><10"=9X10"

Q(airas’

Inductivity....KK=—,33,536")Anumber

Q(

4dielectric)

orK={aInductanceQT

(self).......L=THenry10"1094-1)!-iX10'"

Inductance@T

(mutual)....IllM=THenry10“10g+112==QX10*"
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K. W. =powcr, in kilowatts;

I = length, in centimeters;

I=length. in inches;

L =inductance or coefficient of self~induction, in henrys;

m =magnetic moment;

Ill =mutual inductance;

m = strength of pole;

P = pOWer, in watts;

Q=quantity of electricity. in coulomhs,

(Pt = reluctance;

R = resistance, in ohms;

p - resistivity;

t= time, in seconds;

0 =volume, in cubic centimeters, or Velocityl in centi

meters per second;

V = volume, in cubic inches;

W =- work;

‘1’ = total magnetic flux;

#- = permeability.

PRACTICAL ELECTROMAGNETIC UNITS

Current (I).—The strength of current I is the rate at which

electricity is flowing through a conductor, and is analogous to

the rate of flow of water through a pipe in gallons per second.

The unit strength of current, called the ampere, is repre

sented sufficiently well for practical use by the unvarying

current that, when passed through a specified solution

of nitrate of silver in water, deposits silver at the rate of

.001118 gram per sec. '

’ A milliampere is equal to

 

$06 or .001 ampere.

Quantity of Electricity (Q).—The quantity of electricity

that passes through a circuit is comparable to the quantity

of water that flows through a pipe, and equals the product

of the rate of flow and the time; that is,

Q=It

If I is 1 ampere and t is 1 second, Q is 1 coulomb, which

is the practical unit quantity of electricity. If 5 amperes is

flowing through a wire, then, in 30 seconds, 5X30=150

coulombs of electricity will pass. One coulomb will deposit
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.001118 gram of silver out of a neutral solution of silver

nitrate consisting of 15 parts by weight of silver nitrate and

85 parts of water. _

Electromotive Force (E. M. F., or E).—Electrornotive

force. or electric pressure, is that which causes electricity

to flow in a closed circuit. The practical unit of E. M. F.

is the volt, which is the E. M. F. that will cause a. current

of '1 ampere to flow through a resistance of 1 ohm. The volt

is represented sufficiently well for practical use by of the

E. M. F. between the electrodes of a Carhart-Clarke stand

ard cell at a temperature of 15° C. A kilo-uolt=1,000 volts,

a millivoll=.001 volt, and a micravolt= .000001 volt.

Resistance (RJ—All substances ofi'er resistance to the

passage of electricity through them, the amount of the resist

ance depending on the substance and on its shape; that

is. on the length and cross-section. The resistance of all

metals increases with an increase in the temperature; while

the resistance of carbon, insulating materials, and electrolytic

solutions decreases with an increase in their temperatures.

The practical unit of resistance is the ohm. A conductor

has a resistance of 1 ohm when the pressure required to

send 1 ampere through it is 1 volt. In other words,

the drop, or fall, in pressure through a resistance of 1 ohm,

when a current of 1 ampere is flowing, is 1 volt. The

microhm = .000001 ohm. The megohm = 1,000,000 ohms.

The ohm is one of the few electrical units for which a material

standard can be used. Different standards have been used,

all based on the resistance of a column of mercury at 0°C..

having a cross-sectional area of 1 sq. mm. and a different

length for each standard, as follows:

1. The international ohm, now universally recognized

as the standard, has a. column of mercury 106.3 cm. in length.

2. The legal ohm, in use previous to 1893. but now

superseded by the international ohm, has a column of

mercury 106 cm. in length.

3. The British Assariation um'! (B. A. U.). which pre

ceded the legal ohm but which is no longer in use, has a

column or mercury 104.8 cm. in length.
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RESISTANCESANDTEMPERATURECOEFFICIENTSOFMETALS"l

 

Metal

Specific

Resnstance

p

(Microhms
perCenti

meter
Cube)

 

Silver.2pureannealed..

Copper,2pureannealed.

Copper,1annealed.....
Silver,harrl~drawn.....

Copper.lhard-drawn...

Gold2(99.9%pure)....

Aluminum(99.5%pure)Aluminum2(commer

cial—97.5%pure)...

Magnesium“...........

Zinc2(verypure)......

Iron,2apprommately

pure....§..........

Iron"E.B.B."ironwire

 

 

Resistanceof
 

lMil-Foot
inOhms

1

0°C.,23.8°C.

oror
32°F.75°F.

8.8319.674

9.3901

9.59010.505

9.799‘;

9.81010.745

13.216 15.219 16.031 26.197 34.595 54.529

58.70265.190

 

 

Tempera

ture

Coefficient

per

DegreeC.

Between0°

and100°C.

.004000 .004280 .004020 .004020 .003770 .004350 .003810 .004060 .006250 .004630

L

 

Tempera

ture

Coefficient

per

DegreeF. Between 32°and
212°F.

.002220 .002380 .002230 .002230 .002090 .002420 .002120 .002260 .003470 .002570

 

Percent

age

Conduc
tivity

 

Relative
Resist

ance
.925 .980

l.000

1.022

l.022 l.378

1.587

l.672

2.7323.608 5.714 6.173
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Cadmiqu(ure)......
Palladium2pure)......

Platinumapure)......

Iron,“B.."ironwire

Nickel?................

Tin2(ure)............

Steel

Thallium2(pure).......

Lead2(pure)..........

Antimony(pressed)....

Mercury2(pure).......

Bismuth(pressed).....

 

10.023 10.219 10.917 11.085 12.323 13.048 13.495 17.633 20.380 35.400 94.070 130.800

 

60.292 61.471 65.670 68.680 74.128 78.489 81.179 106.070 122.590 212.950 565.870 786.810

 

76.270 90.150?
134.610l

610.370

.004190 .003540 .003669 .004630 .006220 .004400 .004630 .003980 .004110 .004100 .000720 .003540

 

.002320 .001970 .002038 .002570 .003460 .002450 .002570 .002210 .002280 .000400

 

15.90 15.60 14.60 13.50 12.94 12.22 11.60 9.047.82 4.50 1.69 1.22

 

 

*Theresistancesaregivenininternationalohms

and1sq.cm.insectionalarea,at0°inmicrohms.
2DeterminedbyFlemingandDewar.

thestandard.

degreeC

6.2896.4106.8457.4077.726 8.184 8.621

ll.060

12.790 22.220 59.170 81.970

TThisistheresistanceofapiece1cm.long1DeterminedbyMatthiessenandtakenas AccordingtotheAmericanInstituteof ElectricalEngineers,thetemperaturecoelficientofpurecommercialcoppershouldbe.0042per
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RESISTANCESANDTEMPERATURECOEFFICIENTSOFALLOYS?

 

 

 

 

SRpeoific
e51st--

a.nceTef'npefa

(Micgghms1 .lxigillrootTexg‘ifigra-tumPercent_

'"1m5-Coefficientage

SubstanceCerétigisterIiiquélggtepal;Segreeangituc
.-aren-1V1y

Centigradeheit

At0°C.orat0°C.
32°F.or32°F.

Brass..................7.20043.31022.15

Phosphor-bronze,commer

cial—Cu,Sn,P........8.47951.005.000640.00035618.80 Aluminumbronze........12.30073.989.001000.00055612.96

Platinumrhodium?Pt90.

Rh10................21.142127.180.001430*.000795*7.54

Germansilver,3Cu50,Zn

35.Ni15.............;21.250127.800.000400.0002207.50

Platinumsilver-,3Pt66%,;

Ag335...............124.900149.800.000310.0001706.40

rmanSilver,2Cu60,Zn‘

25.Ni15;.........29.982180.350000273”000152"5.32

Platinummdxum?Pt80,

20.................30.896185.850000822“000457“5.16

-—-E

 

 

 

 

 

Relative

Resrst
ance

4.515 5.319 7.714 13.260 17.300 15.600 18.800 19.380
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Platinumsilver,‘Pt33!),

Ag66...............31.582189.980.000243“.000135"l5.0519.800

Platinoi2Cu59,Zn25.5,

Ni1.4,W(tunsten)1.541.731251.030.000310*000172"3.8226.180

Germansilver,31455,Zn

20,N?35.........45.540271.100.000330.0001803.5028.600

Maanm,2Cu84,It,

001%!12.......46.678280.790.000000“3.4129.330

nstantan,u,A'i

41,Mn1..............50300-773-1931-35

31280=.000010.000005{3.07}{3257

Reostene................76.468459.990.001100*.000610"l2.0848.080

Graycastiron,C3.46;

graphite.2.06:1"?!.173;

S.042;51'2.04;P.151.. 03602778

Carbon,arcliht.........-

g{8600}51700}$00520"000239“{.0186}{5376

 

 
I'Thesearethetemperaturecoefl'icientsat15°C.or59"R:theothersaremeantemperature coefficientsbetweenthefreezingandbailingtemperaturesofwater.TWheretheproportionsarenot given,theexperimentersmerelystatedthat_theyweremadeoftheusualproportions.Asthisis notverydefinite,Wecannotgivetheproportions.IThisistheresistanceofapiece1cm.longand 1s.cm.insectionalareaat0°_C.inmicrohms.2DeterminedbyFlemingandDewar.3Givenby

Jaeon.Pt=platmum;Ag=srlverzetc.
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The relative values of these units, as accepted by United

States Bureau of Standards, are as follows:

1 international ohm = 1.01348 B. A. U.

1 international ohm -= 1.00283 legal ohms

1 legal ohm = .997178 international ohm

1 legal ohm = 1.0106 B. A U.

1 B. A. U. = .986699 international ohm

1 B. A. U. = .98949 legal ohm

The legal ohm has been extensively used, and many

resistance coils still in use were calibrated in legal ohms;

but nearly all instruments containing resistance coils that

were made since about 1893 have been calibrated in inter‘

national ohms,

The resirtwity, or specific resistance, of a substance is

usually defined as the resistance, at 32° F. or 0° C., of a piece

of the substance 1 cm. long and 1 sq. cm. in sectional area.

If I is the length and a is the sectional area 'of a piece of a

substance whose resistivity is P, at a given temperature.

then the resistance R of the piece at the same temperature

may be determined by the formula

R=P_><1

G

SPECIFIC RESISTANCE OF INSULATORS

 

Specific Resistance

 

Substance

84tregohms

Gutta percha ............... 449 tregohms

Hardrubber............... 28quegohms

Paraffin (solid).... .. .. .. .. . 34 quegohms

Paraffin oil ................. 8 tregohms

Porcelain.................. 540quegohms

Flint glass. . . . . . . . .. . . .. . .. 16,700 quegohms

Oliveoil................... ltregohm

Lard_oil................... 350begohms  

Benzme.... 14tregohms

Woodtar.................. 1,670tregohrns

Ozokerite (crude).... . . . l . . . 450 tregohms
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The resistivity par meter-gram means the resistance of a

piece of a substance 1 meter long (uniform in sectional area)

and havinga mass of 1 gram; this is the resistivity expressed

in terms of the length and mass. If k represents the length

mass resistivity. then, a conductorl meters in length and

having a mass of m grams will have a resistance of

Raw

m

The mile-ohm is a circular wire 1 mi. long having a resist

ance of 1 ohm. The weight per mile~ohm is a convenient

standard for expressing the conducting quality of wires;

the higher the conductivity of a metal. the less its weight

per mile-ohm. The mile-ohm =weight per mileX resistance

per mile. The expression that the weight per mile-ohm

of a certain grade of copper is 888 lb. at 60° F. means that

a wire 1 mi. long made of this copper and having a resistance

of 1 ohm at 60° F. weighs 888 1b.

The weight per mile-ohm of pure copper is 859 lb. Calling

the conductivity of pure copper 100, the percentage con

ductivity x of copper weighing 888 lb. per mile-ohm may

be determined as follows:

as :100==859 r888

_ 859 _
or x—s‘fsx 100-96.73

in which as = percentage conductivity.

The following formulas are useful:

weight per Hlllflhm

resistance per miTe—

weight per mile-ohm

weight perqlle—

PHYSICAL AND ELECTRICAL PROPERTIES OF METALS

AND ALLOYS

(By H. F. Parshall, M. Inst. C. E., and H. M. Hobart, 5. B.,

in “Engineering.")

Weight of a given wire per mile=

Resistance per mile =

The following table gives some physical and electrical

properties of various metals and alloys. In nearly every

case the name of the observer is stated. No attempt has

been made to reconcile divergent measurements. The merit
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PHYSICALANDELECTRICALPROPERTIESOFMETALSANDALLOYS

  

 

 

 

 

a;

uu-3o“.e>.'ol:“Auw11.2'“l.3+1v3:“uucs3B8%Oset’E.-i2%:"5~sideamed8.50can.)(2‘1II![3:20i!on.

.ea:10E'—::PM..iH7,,".80%u(32

Material04041-p.000Shh-r““"55,”8".Hi02,5;do@0322015+:..‘GHo‘nGUQ"EN‘62dug.3'EH

“guys3:0:inQE8;!:00Eu”,....

-sg0*0"teaor,“Q.3~55.t=

av585;e055Oo.25:;cQo

mca‘wa.w-

Aluminum(Neuhausen), 99%Al.DewarandFlem

ing.............2.561.0115.4.423600.212.6.094

Aluminum(commercial),
97.5%Al.Dewarand

Fleming................2.671.0516.0.435600.212.6.094

Aluminum(annealed).

Matthiessen.............2.891.1417.4.139600.212.6.094

Aluminum,94%;copper,
6%.DewarandFleming.2.901.1417.4.381

Aluminum,94%;copper,6%_(annealed).Char—

peritier.............3.111.2318.72.95.107

Aluminum,94%;copper,

6%_(hard).Charpentier...3.331.3120.02.95.107

Aluminum.94g,;silver.6%.
Dewarandlerning......4.641.8327.8.238
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AluminumBronze.Cu(90%)A](10%).C.Limb......

Antimony(compressed).

Matthiessen.............

BessemersoftsteelC(.045);

Mn.200);5(.030);51

(0);(.040).Hopkinson

Bismuth(compressed).

Matthiessen.............

Cadmium(pure).Dewar

andFleming.........

Chromebronze,copper,tin,
andchr0mium.Hospitalier

Chromebronze,copper,tin,

andchromium..........

Chromebronze,copper,tin,
andchromium.Hospitalier

Chromesteel(annealed),C,

687;Mn,.28;S,.02;5!,

.134;P,.043;Cr,1.195.

Hopkinson..............

Chromesteel(annealed),C,
.532;Mn,.393;S,.02;SI,

.22;P,.04;Cr,.621.Hop

kinson............

Electrolyticcopper(an

nealed).Lagarde.......

Electrolyticcopper(an
nealed).DewarandFlem

Copper(annealed).Matthies

 

12.6 35.2 10.5

130

10.0

1.64 4.71 7.80
17.9 19.4

1.54 1.56 1.59

 

4.96
13.9

4.14
51.2

3.93
.645

1.85 3.07

 

63.0

780

60.0
9.84

28.3 46.8

108 117

9.25 9.35 9.54

 

.105 .389

.354 p

.419 .445 .428 .388

 

440 260 1050 1050 1050

 

.049 .117 .030 .093 .093 .093

 

64,000 107,000 150,000

 

7.7 6.7 7.8 9.8
8.60

8.9 8.9

9.05 8.91

8.9

 

.278 .242 .282 .354 .310 .321 .321 .327 .322 .321
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PHYSICALANDELECTRICALPROPERTIESOFMETALSANDALLOYS—(Continued)

 

50%;silver,50%

b0tt..........

Copper,96%;Silicon,4%

Abbott......

Coper,88%;Silicon,12%

bbott....

Colgper,99.29%;zmc,71%

.Haas........_.....

Cogper,90.9%;zinc,9.1%

.Haas.............

Zinc,99.5%;copper,5%

R.Haas.............

Cooper,65.8%;zinc,34.2%

Haas...........
Casteopper...............

Copper,90%;lead,10%

Abbott........

Copper,97%;aluminum,

3%.DewarandFlemingCopper,87%;Ni,6.5%;Al,
6.5%.DewarandFlemian

Copr,90%;arsenic,10%

Abott..........

Cogper.75%;nickel,25%

eussnerandLindeck....

Germansilver.Cu(60);Zn (25);N1(15).Feussner

andLindeck........

Gold(annealed),Matthiessen

 

1.84 2.11 2.94 1.83 3.64 5.88 6.30 4.65 5.28 8.84
14.9 17.6 34.2 30.0

2.04

 

.725 .830
1.16

.720
1.43 2.31 2.48 1.83. 2.08 3.48 5.87 6.94

13.5 11.8

.803

 

11.1 12.7 17.7 11.0 21.8 35.3 37.8 27.9 31.7 53.0 89.5

106 205 180

12.3

 

.373 .204 .385 .158 .090
.0645

.019 .036 .365

 

 

 

.095

 

 

‘1

p-a 19.3

 

.256 .695
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Gold,99.9%(pure).Dewar

andFleming.......

Gold,90'silver,10%.De

warand'Fleming.

Gold,67.;silver,33%(511.

by)..atthiessen.......

Iron(verypure).Dewar

andFlerm...

Ironwith25%Mnand.01%

S.DewarandFleming..

WhitecastironC,2.04;

graphite,0,Mn,.386;5,

.467;_51,.764;P,.458.

Hopkmson..............

Spiegeleisen—C,4.5%;Mn,

7.97%;Straces,51,502%

P,.128%.Hopkinson...

Greycastiron——C,3.46;

graphite,2.06;Mn,.173; ,.042:St,2.04;P,.151.

Hopkinson..............

Wroughtiron(annealed).

Hopkinson..............

Lead(compressed)Matthies Lead(pure).Dewarand

Flem1ng......Mesium.figming

Manganesesteel(annealed),

C,.674;Mn,4.73;5,.023;

51,.608;P,.78.Hop
Dewarand

¥

 

2.20 6.28
10.8

9.07
10.5 56.6

105 114

13.8 19.5 20.4
4.36

39.3

 

.865
2.47 4.25 3.57 4.14

22.3 41.4 44.9

5.44 7.68 8.04 1.72
15.5

 

13.2 37.7 64.8 54.5 63.0

340 630 684

82.8

117 123

26.2

236

 

.377 .124 .065 .625 .544 .387 .411 .381

 

1200 1130

9‘)

H

l

I‘

O 330 330 1260

 

.032 .113 .113 .032 .032
.25

 

 

19.3 7.8 7.8
7.20 7.20

7.8 11.4 11.4
1.74

7.8

 

.695 .282 .282 .260 .260 .282 .410 .410 .063
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Coer,84%;manganese,1J2p'7;NI,4%(manga
nineo).DewarandFleming

Coper,73%;manganese,2430;nickel,3%.Feuss

nerandLindeck.........

Copper.80.6%;manganese; 16.5%;mckel,3%(mam ganine).TestsbyG.E.Co.

Colgper,83.4%;Mn,15.2%;

Ce,1.4%.TestsbyG.E.

O.........-‘..........

Copper,79.5%;Mn,19.7%;

5e,3%.TestsbyG.E.
Manganesesteel(annealed,

C.1.298;Mn,8.74;,

.024;Si,.094;P,.072.

Hopkinson..............

Manganesesteel(Hadfield),
C,1.005_;Mn,12.36;S,

.038;51..204;P,.070.

Hopkinson.......

Manganesesteel(Hadfield)

120Mn.ewarancl

Fleming.

Manganesesteel(Hadfield's

HeclaFoundry).C,1.001;

Mn11.40;P,.059.Tests

byG.E.

 

46.7 47.7 49.0 50.0 65.5 63.2 65.5 67.1 69.0

 

PHYSICALANDELECTRICALPROPERTIESOFMETALSANDALLOYS<—(Cani1'nued)

 

18.4 18.8 19.3 19.7 25.8 24.9 25.8 26.4 27.1

 

281 287 294 300 393 380 393 401 414

 

.00
.003 .127 .135

 

1260 1260 1260 1260

 

 

 

8.9 8.9 8.9 8.9 7.8 7.8 7.8 7.8

 

.321 .321 .321 .282 .282 .282 .282
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Manganesesteel.Hospita~ 00per,70%;manganese,09g.FeussnerandLin

Mercury.Matthiessen....

Nickel.DewarandFleming Nickel(annealed).Matthies
Nickelsteel(Hadfie1d),

4.35%;nickel.Dewarand

Fleming................

Nilc‘keline.Lange&Co.,Ber~
Palladium(pure).Dewar

andFleming.........

Platinum,67%;silver.33%

(alloy).atthiessen....

Platinum,80%;iridium.

20%.DewarandFleming

Platinoid.DewarandFlem

Platinoid,~martino.Dewar

andFleming............

Platinoid-martino..........

Platinum(softannealed,

pure

Platinum(annealed).Mat

thiessen...........

 

75.0 101.0 1213 12.4 29.5 40.0 10.2 24.2 30.9 41.7 43.6 33.0
8.25 8.98

 

29.5 39.8
4285 4.89

11.6 15.8
4.02 9.54

12.2 16.4 17.2 13.0
3.24 3.53

 

450 605

73.7 74.4

177 240

61.1

145 186 251 262 198

49.5 53.9

 

.136 004 072
.62 .50

.201 .354 .133 .082 .031 .024 .247

 

1260 1500 1500 1775 1775

 

.032 .109 .109 .032

230.000

 

 

8.8 8.8 21.2 21.2

 

.282 .490 .321 .321 .318 .318 .765 .765
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PHYSICALANDELECTRICALPROPERTIESOFMETALSANDALLOYS—(Continued)

Platinum(pure)wire.0259

cm.indiam.Dewarand

Fleming..........

Platinum,90%;I'l‘lOdlle,

10%.DewarandFleming

Platinum,90%;iridium,

10%(alloy).Matthiessen

Phosphor-bronze,with9%
phosphorus.Abbott....

Phosphor-bronze(copper,
tin,andp110sphorus).

Hospitalier.............

Phosphor-bronze(coper. tin,andphosphorus).lYos

pitalier..............

Phosphor-bronze,with10%

oftin.Abbott..........

Pureelectrolytic(annealed)
silver.DewarandFleminq

Silver(annealed).Matthies

Silverine,Cu(77),Ni(17).Fe(2),Zn(2),CO(2).
_DewarandFleming...... Silver,80%;palladium207 _DewarandFleming......Silver.66%;platinum,33%DewarandFleming.....

 

11.0 21.1 21.6 32.5 1.6 5.6 24.6
1.47 1.49 2.06

15.0 31.6

 

4.34 8.30 8.50
12.8

.586 .810
5.90

12.4

 

66.0

127 130 195

9.6 33.6

148

8.82 8.94

12.4 90.0

190

 

.143 .133 .394 .394 .400 .377 .285
.0213

 

1775 950 950

 

.032 .056 .056

 

64,000 117,000

 

21.2 8.9 8.9 10.5 10.5

 

.765 .321 .321 .379 .379
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Silicon-bronze(clipper,tin,
_andsilicon).osprtalrer
Silicon-bronze(coper,tin,

andsilicon).ospitalier
Silicon-bronze(coper,tin,

andsilicon).ospitalier
Silicon‘bronze(clipper,tin,

andsilicon).ospitalier

Siliconsteel(annealed),C,

.685;n.694;,.;

5131412133.Hopkin

Son......-t..-....--...

Thallium(pure).Dewarand

Flemin.....

Tin(pure.Dewarand

_Fleming................

Tin(compressed).Matthies—

sen....................

Tungstensteel(annealed),C.
.36;Mn,.36;S,0;Si,

.043;P,.047;tungsten,

4.65.Hopkinson........

Whitworthsoftsteel(an

nealed),C,.090;Mn,.153;
S,.016;Si,.0;P,.042.

_Hokinson..............

Zincverypure).Dewarand

Fleming.......

Zinc(compressed)Matthies

 

1.67 2.69 5.76 7.80
61.9 17.6 13.1 13.1 22.5 10.8

5.75 5.80

 

1.06 2.27 3.07
24.3

6.94 5.16 5.16 8.86 4.25 2.26 2.28

 

10.0 16.2 31.6 46.8

372 106

78.5 78.5 135.0 64.8 34.5 34.8

 

.152 .398 .440 .365 .406

 

230 230 415 415

 

.117

 

64,000 93.000 107,000 143,000

 

8.9 8.9 8.9 8.9 7.3 7.3 ,— 7.1

 

.321 .321 .321 .264 .264

 



11191819373

RESISTANCESANDTEMPERATURECOEFFICIENTSO1?ELECTROLYTES

(Kohlrausch,W'iedemann'sAnnalen)

      

 

 

 

 

 

 

 

  

 

 

Composi—‘

tionPerCent.5101520I2530354050607080

NitricAcidOhms3.902.181.641.41(1.311.281.311.371.591.962.543.76

HNO3Temp.Coef.1.50:1.401.401.40,1.401.401.401.501.61.61.51.3

Hggr‘fgg"Ohms2.55:1.591.35.21.391.521.701.95

chTemp.Coef.1.60,1.601.601.501.501.501.501.50

Sugar“Ohms4.82'2.571.851.541.401.36l1.391.481.872.704.669.13

7112504Temp.C0ef.1.201.301.401.501.501.601.701.801.902.102.603.53

.a

giraffeOhms39.3012140147011609.508.117.18!6.445.444.80

AgNOgTemp.Coef.2.20l2.202.202.102.102.102.102.102.102.10 .1-

9,22%Ohms5.84‘3.192.362.011.861.851.972.23

KOHTemp.Coef.1.901.90_1.902.002.102.302.402.70

Sulzgggte_0th523031.4024.1021.9021.4022.9028.50' '

znso.Temp.C0ef.2.2012302.302.402.603.004.00-<4

._4
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Copper

SulphateOhms.40.

C1450;Temp.C0ef.2'.202.302.30

.NgfirxfiifénOhms39.3024.1020.9020.9024.10

.MgSO4Temp.C0ef.2.302.402.502.702.90

Sodium~- ...,

1\,a2504Temp.Coef.2.40|2.5012.60

,l

AlumOhms39.30

KAI(SO4)2Temp.Coef.2.00

Sodium..

ChlorideOhms14.908.336.155.144.10

NaClTemp.Coef.2.202.102.102.202.30

SalAm--.-

moniacOhms10.905.613.892.982.00

NH4CLTemp.C0ef.2.001.001.701.601.50
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of the table is that it presents in compact form recent

information previously scattered through a large number

of publications and technical journals.

In the lat table the first horiwntal line gives the per

cent. by weight of the substance dissolved in water. The

specific resistance of each substance (oppOsite the word

“Ohms") is given in ohms at 18° C. between opposite par

allel faces of a cube of the electrolyte 1 centimeter on a

side. Opposite tempzralure coefficient is given the per cent.

decrease of resistance per ohm for each degree increase of

temperature. The resistance also varies with the density

of the solution. The resistance of the best conducting

sulphuric-acid solution is about 1,000,000 times that of

copper.

Conductance (G).——Conductance is that property of a

substance in virtue of which it conducts an electric current.

The conductance of a piece of any material 1 cm. long and

1 sq. cm. in cross-section is called its specific conductance,

0r conductivity, and is represented by the Greek letter 7

(gamma). The word mho, which is ohm spelled back

wards, has been proposed as the name of the unit of con

ductance and conductivity, but it has not been generally

accepted. Conductance is the reciprocal of resistance.

and conductivity is the reciprocal of resistivity. Thus, if

the resistance of 2 cm. of a piece of any material having a

uniform sectional area of 1 sq. cm. is 4 ohms, its resistivity

is 2 ohms, its conductance } mho, and its conductivity i inho.

Percentage conductivity of a substance is the ratio of its

conductivity to that of the standard at the same temperature.

The conductivity of Matthiessen’s pure copper at 0° C. is

usually taken as the standard, i. e.. 100%.

RESISTANCE OF CIRCUITS

Resistances in Series—When a number of resistances

are connected in series, the total resistance is equal to

their sum.

Reeistances in Parallel.—The joint resistance R of any

number of resistances n, 12, etc., in parallel, may be deter

mined by the following formula, in the denominator of which
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there should be as many terms as there are resistances in

parallel:

1

R=.___._

l+l+l+l+eto

'1 12 '3 f4

TEMPERATURE COEFFICIENT

The change in the resistance of a substance per ohm

per degree change of temperature is known as the tempamture

coefiicient. If R0 is the resistance of a piece of wire at 0° C.

and a is the temperature coefficient of the substance, its

resistance R: at to may be calculated by the formula

Rr=R0 (l +at)

If the resistance R0 is not known, but the resistance R1

at a temperature t; is known, and it is desired to determine

the resistance R2 at a temperature t2, the following formula

may be used:

__ R1(1 + ati)

" (1 +1111)

The value of the temperature coefficient a taken from

any table must be for Fahrenheit or centigrade scales,

according to which is used in expressing ti and 12. The

American Institute of Electrical Engineers considers .0042

as the best value of a for commercial copper; for ordinary

work it is quite customary to use the approximate value .004.

R2

TEMPERATURE COEFFICIENTS FOR COPPER WIRE

The following table gives factors by which the known

resistance of good commercial copper at any temperature

from 31.5" F to 85° F.. inclusive, may be multiplied to give

its resistance at 75° F.; or, if the resistance at 75° F. is

known, the resistance at any other temperature can be

found by dividing the resistance at 75° by the factor corre—

sponding to the other temperature. Also, if the resistance

at any temperature is known, the resistance at any other

temperature can be found by means of the factors; for

example, multiplying a known resistance at 32° F. by the

corresponding factor 1.1026 and dividing the product by

the factor for 55" F. 1.0454, gives the resistance at 55° F.
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TEMPERATURE FACTORS FOR COPPER WIRE

 

 

2 . v . 9 3 .

an. L. 5.1" u it" u a a. L

S 8 8 g 8 8 a 8 8 a 8 8

8. 3 8 a 93 8 a 9 8 3 93 8

86° ‘“ 85‘ ‘“ 66° 8 E 2’ ‘8
Q Q 0

e :- £- 13

85.0 .9787 71.5 1.0077 58.0 1.0384 44.5 1.0708

84.5 .9797 71.0 1.0088 57.5 1.0395 44.0 1.0720

84.0 .9808 70.5 1.0099 57.0 1.0407 43.5 1.0735

83.5 .9818 70.0 1.0110 56.5 1.0419 43.0 1.0745

83.0 .9820 69.5 1.0121 56.0 1.0430 42.5 1.0757

82.5 .9839 69.0 1.0132 55.5 1.0442 42.0 1.0770

82.0 .9850 68.5 1.0144 55.0 1.0454 41.5 1.0783

81.5 .9861 68.0 1.0155 54.5 1.0466 41.0 1.0795

81.0 .9871 67.5 1.0166 54.0 1.0478 40.5 1.0808

80.5 .9882 67.0 1.0177 53.5 1.0490 40.0 1.0821

80.0 .9892 66.5 1.0188 53.0 1.0501 39.5 1.0833

79.5 .9903 66.0 1.0200 52.5 1.0513 39.0 1.0846

79.0 .9914 65.5 1.0211 52.0 1.0525 38.5 1.0858

78.5 .9924 65.0 1.0222 51.5 1.0537 38.0 1.0871

78.0 .9935 64.5 1.0233 51.0 1.0549 37.5 1.0884

77.5 .9046 64.0 1.0245 50.5 1.0561 37.0 1.0897

77.0 .9950 63.5 1.0257 50.0 1.0573 36.5 1.0910
76.5 .9967 63.0 1.0268 49.5 1.0585 36.0 1.0922

76.0 .9978 62.5 1.0279 49.0 1.0598 35.5 1.0935

75.5 ..9989 62.0 1.0291 48.5 1.0610 35.0 1.0948

75.0 1.0000 61.5 1.0302 48.0 1.0622 34.5 1.0961

74.5 1.0011 61.0 1.0314 47.5 1.0634 34.0 1.0974

74.0 1.0022 60.5 1.0325 47.0 1.0646 33.5 1.0987

73.5 1.0033 60.0 1.0337 46.5 1.0659 33.0 1.1000

73.0 1.0044 59.5 1.0349 46.0 1.0671 32.5 1.1013

72.5 1.0055 59.0 1.0360 45.5 1.0683 32.0 1.1026

72.0 1.0066 58.5 1.0372 45.0 1.0695 31.5 1.1039

        

 

NOTE.——This table, which is given by Kempe in his ‘ ‘ Hand

book of Electrical Testing,” is calculated from the exact

formula R: = R32 [1 + .0023708 (1 — 32°) + 00000034548 (t

—32°)2 , for pure, or good commercial, copper, as determined

by Clar , Ford, and Taylor, in which t is expressed in degrees

Fahrenheit.

Crocker's Method—Dr. F. B. Crocker gives, for finding

resistance of copper at any temperature 1° C the formula

R: = R0( 1 + .004t + 00000245")
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This formula is easy to apply and gives very accurate

results up to 100° C., being only .1% above those given by

Matthiessen's formula for conductance G. which is as follows

Gl=60(1 — .0038901t+ 00000900912)

Kennelly’s Method.——In applying the formula for resist‘

once, it is usually necessary to work to or from R0; to avoic

this when changing from one tempera

ture 1° to another 1° + 14°, Kennelly’s

 

 

method, which is as follows. may be used: 1°C a

Rt+u=Rl(l +au)

R: is the resistance at 1° C., and a is 0 0042

the temperature coefficient at t"; the tem- 12 .0040

perature coefficient varies with the initial '0038

o . . . .0036
temperature 1 , and is given in the ac

companying table. For example, if the

resistance Rt. when t=25° C., is known, and the resistance at

30" is desired, then u==5° C., and

R30=R25 (1+.0038X5)= 1.019 R25

In North America. the table and formulas given on

page 88 are considered the best.

SIZES AND RESISTANCES OF WIRES

In expressing diameters of wires, .001 in. is called 1 mil

and the square of the diameter of a wire in mils is called its

area in circular mils. A wire 1 ft. long and 1 mil in diameter

is 1 mil>fooL Resistance per mil-foot is a unit much used.

The resistance R of any conductor varies directly as the

length of the conductor, and inversely as the sectional area.

For a cylindrical wire

in which m is the resistance per mil-foot, I is the length in

feet, and d is the diameter in mils, d2 being the sectional

area in circular mils.

WIRE GAUGES

The Brown and Sharpe (B. & S.) gauge or American wire

gauge (A. W. G.), as it is sometimes called, is generally used

in the United States. Other gauges and their comparative

diameters are also given in the following table, dimensions of

wires being given in decimal parts of an inch.
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TEMPERATURE COEFFICIENTS FOR COPPER

(1' 1': the initial temperature in degrees C; a, the tempera

ture coefficient in per cent. per ohm per degree C.)

 

 

1 a z a z a

0 .4200 17 3920 34 3675

1 .4182 18 3905 35 3662

2 .4165 19 3890 36 3648

3 .4148 20 3875 37 3635

4 .4131 21 3860 38 3622

5 .41 1 4 22 845 39 3609

6 .4097 23 3830 40 3596

7 .4080 24 .3815 41 3583

8 .4063 25 .3805 42 3570

9 .4047 26 .3786 43 3557

10 .403 1 27 .3772 44 3545

1 .40 28 .3758 45 3532

12 3999 29 .3744 46 3520

13 3983 30 .3730 47 .3508

14 3967 31 .3716 48 3495

15 3951 32 .3702 49 3483

16 3936 33 .3689 50 3471

    

 

 

The American Institute of Electrical Engineers gives this

table and following formulas for calculating resistance of

copper wire at a temperature 14° C. above an initial tempera

ture 1° C. and the rise in degrees C. above an initial tem

perature i“ C.:

3‘1.

100

u=(238.1+i) (E_ 1)
Ra

in which a is the temperature coefficient given in the table

corresponding to the initial temperature 4° C., and u is the

rise in temperature above the initial temperature i° C.

COPPER WIRE

The specific gravity of pure annealed copper at 60° F.

is 8.89 to 8.91. One cubic inch of it weighs .32 1b.. and its

melting point is about 2,100° F. By the process of hard

drawmg, the tensile strength of copper is greatly increased

R1I+u=Ri(1+
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without greatly decreasing its conductivity. Since the

conductivity vaiies, even with a variation of less than .02 of

1% of impurity. scarcely two samples can be obtained with

exactly the same conductivity. Authorities very seldom

agree on the specific resistance or temperature coeficient

of copper.

Matthiessen's Standards.—Copper-wire tables are usually

based on the grade of copper used by Matthiessen in deter

mining the resistance of copper. The following are based on

his measurements on copper with a specific gravity of 8.89.

 

_ ' Resistance at 0"

Dimensions C. International

Ohms

 

  

  

Mil-footsoftcopper...... 9.590

Meter-gram soft copper........... .. .. ... .141729

Meter-millimeter soft copper. . . . . . . . . . . . . .02030

Centimeter cube soft copper.. . . . . . . . .. .. . .000001594

Meter-gram hard»drawn copper. . . .. . . . . . .1449

Ratio hard- to soft-drawn copper ......... 1.0226

 

 

COPPER-WIRE TABLES

In the copper-wire tables to follow, the values in the

columns marked 1 at the top are taken from the table

prepared by the American Institute of Electrical Engineers

and are correct to one part in two thousand. These values

were computed for Matthiessen’s standard copper from the

data in the preceding table, and from temperature coefficients

of resistance for 20° C.=l.07968, for 50° C.==l.20625.and

for 80° C=1.33681; 1 ft.=.3048028 m.; 11b.=453.59256 g.

Matthiessen's standard of resistivity may be permanently

recognized. but the temperature coefficient that he intro

duced. and which is here used. may in future undergo

slight revision. The values in the columns marked with a '

were computed especially for this pocketbook from data.

given in other parts of the table and the ratio of resistivity

of hard to soft copper.

The average of a number of the most reliable determiJ

nations gives the resistance of a meter-gram of pure annealed



SIZEANDWEIGHTOFANNEALEDCOPPERWIRL

(B.(5'5.Gauge,SpecificGravity,8.89)

 

 

 

B.&s.Delmarin _Areain _Arygéfggfin-1’0;stPoulialdlsFf,”

Gauge5CircularMllS1'000‘0001‘000Feetper1eperound

dd2,,...f’r1‘1‘

0000460.00211,600.16619640.53381.41.561 088.64167,805.13179508.02.68221.969 364.80133,079.10452402.82126.82.482 0324.86105,534082887319.51,686.93.130 1289.3083,694065732253.31,337.23.947 225.6366,373052128200.91,060.64.977 322.4252.634041339159.3841.096.276 4204.3141,742032784126.4667.397.914 5181.9433,102025999100.2529.069.980 6162.0226,25002061879.46419.5512.587144.2820.81601635163.02332.7515.87 8128.496,50901296749.98263.8920.01 9114.4313.09401028339.63209.2425.23 10101.8910,381008154831.43165.9531.82 1190.7428,234.0006465624.93131.6340.12 12.6,529.9005128719.77104.3950.59 1371.9615,178.4.406715.6882.79163.79

1464.0844,106.8.003225412.4376.19180.

1557.0683,256.7.00255799.85852.050101.4
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B.&S. Gauge
0000

O

O u-n-u-n-n-cO

IFWNl-IQQDMQOEOHFWNh-IOOO

RESISTANCEOFANNEALEDCOPPERWIRE

(B.G5.Gauge)

OhmsperPound

Ohmsper1.000Feet

  

 

At20°C.At50°C.At80°C.At20°C.At50°C.At80°C. or68°F.or122°F.or176°F.Or68°F.or122°F.or176°F.

’rT’rT11

.00007639.00008535.00009459893.05467.06058 .00012150001357.000150-106170.06404.07640 .00019310002158.000239107780.08692.09633 .00030710003431.000380309811.1096.1215 .00048830005456.0006046.1237.1382.1532 .00077650008675.0009614.1560.1743.1932 .001235001379.001529.1967.2198.2435 .001963002193.002431.2480.2771.3071 .003122003487003865.3128.3495.3873 .004963005545006145.3944.4406.4883 .007892008817009772.4973.5556.6158 .01255.01402.01554.6271.7007.7765 .019950222902471.7908.8835.9791 .031730354503928.99721.1141.235 0504505636062461.2571.4051.557 0802208962099321.5861.7711.963 .1276.142515791.9992.2342.476 .2028.2266.25112.5212.8173.122
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B.&S.
Gauge

 

H

OKOWNOSM>¥WNHO

ban-I

Nb—l

RESISTANCE0FANNEALEDANDHARD-DRAWNCOPPERWIRE

(B.45’5.Gauge)

 
 

 

 

 

 

Annealed

OhmsHard-Drawn.At20°C.or68°F.

perMile

oOhmsOhmserOhms
‘21ng019‘perIlound1000*actperaEVIile .25835.00007812.050036.26419 .32577.000124206309433314 .41079.000197507955842007 .51802.00031401003352973 .65314.00049931264966790 82368.00079401595384230 1.0386001%201141.0621 1.3094.002007253611.3392 1.6516003193319871.6889 20825005075403322.1295 2.6258008070508542.6850 3.3111.01283641273.3859 4.175302040808764.2769 5.2657032451.01995.3848 6.6369051591.28546.7869 8.3741082031.62188.5633
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1310.5551305204431413.311.20742.57791516.785.32983.25081621.168.52444.09961726.691.83375.16921833.6551.3256.5183 1942.4412.1088.2196 2053.5393.35210.372 2167.4795.33013069

2285.1148.4446

23107.29 24135.53 25170.59 26215.16 27271.29 28342.09 29431.37 30543.84 31685.87 32864.87 331090.8341,375.5351,734.0 362,187.0372,757.3 383.4768394384.5 405,528.2

 

 

 

 

 

NOTB.——Inthesetables,theresistancesareallbasedonMatthiessen’sStandard.
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LENGTHANDRESISTANCEOFANNEALEDCOPPERWIRE

(B.W.G.orStubbsGauge)

 

FeetperOhm

OhmsperPound

  

Feet
GaeNo.per

(B..G.)PoundAt20°C.At50°C.At80°C.At20°C.At50°C.At80°C. or68°F.or122°F.or176°F.or68°F.or122°F.or176°F.

1'1'l'1'1'1-1

00001.60319,91017,82016,080.0000805100008996.00009969 0001.82917,45015,62014,090.0001048.0001171.0001298 002.28813,95012,48011,260.0001640.00018330002031 02.85811,160,9939,017.0002560.00028600003169 13.6718,6927,7807,020.0004223.00047180005228 24.0967,7906,9736,2920005258.00058740006510 34.9256,4795,79952330007601.00084920009412 45.8325,4714,8974,419001066.001191001320 56.8264,6754,1843,775001460.001631001808 68.0173,9803.5623,215002014.002250002494 710.203,1292,8012527003258.003640004034 812.132,6292,3542,124004615.005156005714915.082,1161,8941,709007129.007965008827 1018.401,7341,5521,40101061.01185.01314 1122.941,3911,2451,12301650.0184302042 1227.811.1471,027926.902423.0270703000 1336.60871.7780.2704.004199.0469205200 1447.95665.4595.5537.407207.0805208024
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RESISTANCE0FANNEALEDANDHARD-DRAWNCOPPERWIRE

(B.W.G.orStubbsGauge)

  

 

 

 

 

 

 

AnnealedHard-DrawnvAt20°C.or68"F.

0'A.

%O_Ohmsper1,000Ft.Ohms

g3erN‘Iailé01’1ng011133perOhms
689At20°0.Ac50°c.Atso00.0:58.1.1’"°““dFeet1’"Mlle

or68°F.or122°F.or176°F.

TTT***"‘

0000050230561206220.2652.0000823305137.2712 000057320640407097.3026.000107205862.309500071700801108878.3786.000167707332.3871008957.1001.1109.4729.000261809159.48361.1150.1285.1424.6072.0004318.1176.62092.12841434.1589.67800005377.1313.68333.15431724.1911.814700077731578.83324.1828.20422263.9652001090.1869.98685.21392390.26491.129001493.21871.1556.25132807.31111.327002060.25701.3577.3196357039571.68700333.32681.7268.380342497092.008004719.38892.053 9.4727528158532.496007290.48342.552 10.5766644271403.04401085.58963.113

 

 

 

 



LECTRICITY 103

 

‘Q

If)
353.8533?

N

"=2

22353323:

82232
3100'
vowfi

53.3;
:6

 

 

 

 

 

 

  

 



104 ELECTRICITY

APPROXIMATE WEIGHTS OF WEATHER-PROOF WIRE

(American Electrical Works)

TRIPLE-BRAIDED INSULATION

 

 

 

  

  

Ampere

Capacit

Size Feet per Pounds per Pounds Allowed y

Pound 1.000 Ft. per Mile " Fire

Under

writers

0000 1 .34 742 3,920 312

000 1 .64 609 3 .2 15 262

00 2 .05 487 2.570 220

0 2 .59 386 2.040 185

1 3 .25 308 1.625 156

2 4.10 244 1.289 131

3 5.15 194 1.025 110

4 6.26 160 845 92

5 7.46 134 710 77

6 9 .00 111 585 65

8 13.00 73 385 46

10 20.00 50 265 32

12 29.00 35 182 23

14 38.00 26 137 16

16 48.00 21 113 8

18 J 67.00 15 81 5

DOUBLE-BRAIDED INSULATION

l

0000 1.40 711 3,754 312

000 1 . 75 570 3.010 262

00 2 .29 436 2.300 220

0 2 .81 355 1.875 185

1 3 .56 281 1 .482 156

2 4.49 i 223 1.175 131
3 5 .45 . 184 969 110

4 6 .82 147 774 92

5 9.10 110 580 77

6 10.35 97 510 65

8 15 .52 64 340 46

10 22.00 45 237 32

12 40.00 25 132 23

14 56.00 18 95 16

16 - 76.00 13 69 8

18 100.00 10 53 5
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commercial copper as .1486 ohm at 60° F. In England,

Matthiessen's values, .150822 ohm for a meter—gram of

annealed high-conductivity commercial copper and.153858

ohm fora meter-gram of hard-drawn high-conductivity com

mercial copper, both at 60°F. and having a temperature

coefficient of .00238 per degree F., are considered as standards.

STANDARD WEATHER-PROOF FEED-WIRE

(Raebling':)

 

 

 

..C

E . "' >I "I

3 Weights E“ :12 5
w a; u “I:

E Pounds ,_} ,,, n! o 1.

Circular '5! .113 2'73 13 8”“ E
v—a Q

ils a 3 gm :2 cos?

3 r' a 5 .52:

... Q ...

§ 1,000 Ft. Mile 5 egg

0 a 3 a

<

1 .000 .000 1 1’ 3,550 18,744 800 1,000

900,000 113 3,215 16,975 800 92

800,000 1}} 2,880 15,206 850 840

750,000 115; 2,713 14,325 850

7 ,000 1,", 2,545 13,438 900 760

650,000 1} 2,378 12,556 900

600,000 1,5; 2,210 11,668 1,000 680

550 ,000 1‘“; 2,043 10,787 1,200

500 .000 11 1 ,875 9 ,900 1 ,320 590

450,000 151; 1 ,703 8,992 1 ,400

400,000 11" 1,530 8,078 1,450 500

350,000 1 1,358 7,170 1,500

300,000 H 1.185 6,257 1,600 400

250,000 51] 1,012 5,343 1,600

   

 

 

 

Carl Herring advocates the following values: resistance

of 1 mil-foot at 15° C.,10.0275 international ohms, as given

by Prof. Lindeck for pure copper, and 10.1478 international

ohms for Matthiessen’s standard copper; resistivity (per

centimeter cube) at 15° C., 1.667 microhms, as given by

Prof. Lindeck for pure copper, and 1.687 microhms for

Matthiessen's standard copper.
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Joints in aluminum and hard-drawn copper telephone and

telegraph line wires should always be made with McIntire

or similar sleeves made of the same metal as the wire. When

making a McIntire sleeve joint, pass each end of the wire

through the sleeve until it extends 4 inch beyond the end of

the sleeve, then place a steel tie-wrench or connector on each

end of the sleeve, the outside of the tool to be 1 inch from

HARD-DRAWN COPPER WIRE
 

 

. Weight per Resistance per
Diameter Gauge and ~ ~ ~ 4

- - ile 1n Mile in Ohms
m Mus Number Pounds at 60° F.

l

165 8 B. W. G. 435 1.9742

162 6 B. 8: S. G. 419 2.0481

160 8 N. B. S. G. 409 2.0998

148 9 B. W. G. 350 2.4541

144.3 7 B. & S. G. 331 2.5925

144 9 N. B. S. G. 331 2.5925

134 10 B. W. G. 287 2.9835

128.5 8 B. & S. G. 262 3.2810

128 10 N. B. S. G. 262 3.2810

120 11 B. W. G. 230 3.7330

116 11 N. B. S. G. 215 3. 48

114.4 9 B. & S. G. 208 4.1363

109 12 B. W. G. 190 4.5244

104 12 N. B. S. G. 173 4.9701

101.9 10 B. & S. G. 166 5.1665

95 13 B. W. G. 144 5.9558

92 13 N. B. S. G. 135 6.3518

90.74 11 B. & S. G. 132 6.4891

14 B. W. G. 110 7.

80.81 12 B. & S. G. 105 8.1946

14 N. B. S. G. 102 8.4005

   

 

N. B. S. stands for the New British Standard wire gauge.

the end of the sleeve, after which 3 to 44} complete turns,

depending on the size of the wire, should be made, using

great care to keep the sleeve absolutely straight. For

No. 8 B. W. G. wire give 4} turns, {01' sizes more extensively

used give 3 turns and use sleeves of proper size to fit the wire.

Full-length and half-length sleeves are made. the former

(or through line joints and the latter for branch joints.
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HARD-DRAWNCOPPERWIRE

 

 

1

 

 

 

 

DiametersinWeightsperBreakingWeightscon''

MilsMileWeightsofCoilsti???:5g)-

YHseaNumgerEEEQE‘2anan'6'c:'U‘-''0-'qGauge21‘58=1s'8882:s53E.0:gm"-7EEowE85-5008.EonE_Q)Q

s..,Ha...,HamG...,,_:1__5o0

U')4c:U:4cUU‘Hxc:Uc:kg:

Q)m.H0(q"-1<6)a;d"40).HE.o

8B.W.G.16.501660164114364441.7431.11,32862,1082181529796301.14

12N.B.‘.*104.0-104.7103.3173.4175.7171.154964,6002191519796401.00

10B.&S.101.9102.8101.01165.0168.0162.054064,800218152979640.9912B.&S.80.881.380.3104710601031133665.5007252979644.9514B.&S.64.065.063.065.067.5!63.022068,200979647.9116B.W.G.65.065.564.568.866.722066,20096.9114N.B.S.80.080.579.5103.9101.333065,60096.94

13N.8.8.92.092.691.4137.5133.943365,10096.97

10N.B.S.128.0128.8127.2265.9259.482063.700961.0610B.W.G.134.0134.9133.1291.7284.089463,400961.07

  

  

  

 

 

 

 

 

 

 

 

 

 

 

*N.B.S.standsfortheNewBritishStandardwiregaugeforwhichS.W.G.issometimesused.
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TENSIlE STRENGTH OF COPPER WIRE

 

 

 

Breaking Weight Breaking Weight

in Pounds in ounds

Nos. Nos.

I2}. 8: S. %a& S.

auge “89

Hard- Hard
men Annealed Drawn Annealed

0000 8.310 5,650 9 617 349

000 6.580 4.480 10 489 277

00 5,226 3,553 11 388 219

0 4,558 2,818 12 307 174

1 3,746 2,234 13 244 138

2 3,127 1,772 14 193 109

3 2,480 1 405 15 153 87

4 1,967 1 ,1 14 16 133 69

5 1,559 883 17 97 55

6 1,237 700 18 77 43

7 980 555 19 61 34

8 778 440 20 48 27

   

  

 

DATA ON DOUBLE SILK-COVERED COPPER WIRE

 

 

B. & S. o=Ohms u Pounds

Gauge No. per Cubic Inch per Cubic Inch

20 .76 .79 .24

22 2.0 .69 .23

24 5.0 ' .62 .21

26 12.0 .55 .19

28 25.0 .49 17

30 54.0 .43 .14

32 105.0 .37 .12

34 195.0 31 .08

36 355.0 .25 .075

38 630 .0 . 19 .06

1 ,050 . O 13 . 05

   

 

Norm—u is the portion of the total volume that is occupied

by the copper alone, the difference 1 —u‘ bemg the portion

occupied by the insulation.
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IRON WIRE

There are three grades of iron wire; namely. Extra Best

Best (E. B. 8.). which has the highest conductivity and is

the most uniform in quantity, being both tough and pliable;

Best Best (B. B.),which is less uniform and tough, lower

in conductivity. frequently sold as E. B. B.; and Best.

which is the poorest grade made. being still less uniform,

more brittle. and lowest in conductivity.

MECHANICAL AND ELECTRICAL TESTS OF IRON WIRE

OF AMERICAN MANUFACTURE

The column headed “Percentage Conductivity" in the fol

lowing table gives the percentages that the conductivities of

the various samples bear to the conductivity of pure copper.

“Percentage of Elongation" means the percentage of the

length the wire elongated before breaking. The column

headed "Relative Breaking Stress" gives the number of feet

of its own length that each sample was able to sustain.

Specifications.—Iron wire for use on telegraph and tele

phone lines should conform to the following specifications

of the Western Union Telegraph Company:

1. The wire must be soft and pliable. and be capable of

elongating 15%. without breaking. after being galvanized.

2. Great tensile strength is not required, but the wire

must not break under a less strain than 2i times its weight.

in pounds per mile.

3. Tests for ductility should be made as follows: The

piece of wire will be gripped by two vises.-6 in. apart. and

twisted; the full number of twists must be distinctly visible

on the 6-in. piece between the vises. and the number of

twists must not be less than 15.

4. The weight per mile for the different gauge wires

must be: for No. 4 B. W. G.. 730 1b.; No. 6, 540 1b.; No. 8.

3801b.; No. 9. 3201b.; No. 10, 250 lb.; or as near these figures

as practicable.

5. The electrical resistance of the wire. in ohms per mile.

at a temperature of 68° F.. must not exceed the quotient

arising from dividing the constant number 4.800 by the
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MECHANICALANDELECTRICALTESTSOFIRONWIREOFAMERICANMANUFACTURE
   

 

MechanicalElectrical

'3

d6man.2'

#2é’-is2“LEéif,“30'2°1:33'51d8>‘,_o

z-“'8:98F"Um"I'82"Io.“3%

233g{353.5;;$155m§53.5on
O._90o-

Eu:388o3%317363..'>.’<‘58%‘ié’nNw'"auon“I:U)'5on“Eaqt,_mo

8°'=ii1’E

ZMI“.5

E.B.B12190.83115015.00417.5011,5522014403050 E.B.B3816617702650937.5012905017301267

E.13.13112226417202150577.501363915602420

1519‘}2828010002650770.00143759021901610

E.13.1310254441770250697.50144781017801842

1469‘}2875016002900832.50152888621901610

E.B.B6508881121501,5875016,4621770921 E.B.B931805193017501,0050167251016901554 Nashua838166151026501,5350021,18314701500
M.S.pl1116528.0010.4019.502,137.5021,375.0013.5011.78

4438378.1010.0031.001,635.0022,301.4016.5016.10

A.1‘1.95,293.5016.0027.501,257.5022,635.0015.1022.70
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IRON AND STEEL WIRE

(Weight per Mile-Ohm)
 

Weight per Mile-Ohm

 

Name of Wire

Roebling's Washburn

Sons Co. & Moen

Extra Best Best. . . . . . . . 4,700 5,000

BestBest........ 5,500 6,200

Best.....r............. 6,000

Steel............‘..... 6,500 6,500

 

 

COMPARISON OF PROPERTIES OF COPPER AND

 

 

ALUMINUM

Properties Aluminum Copper

Conductivity (for equal sizes). . . . . . .54 to .63 1

Weight (for equal sizes) .. .. .. .. .. . .33 1

Weight (for equal length and resist

ance)._.._......v.............. .48 1

Price—aluminum, 290.; copper. 16c.;

(barelinewire)................. 1.81 1

Price—(Equal resistance and length,

barelinewire)..............z... .868 1

Temperature coefficient per degree F. 002138 ‘002155

Resistance 0f_mil-foot (20° C.). .. . . . 18.73 10.5

Specific grawty.._..... .. . 2.5to2.68 889 to8.93

Tensile strength (hard—drawn) per

squareinch................._... 40.000 60,000

Tensile strength (for equal weight

and resistance)...... .. .. .. .. .. . 58.000 60,000

Coefficient of expansion per degree

F....... .0000231 .0000093
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COMPARATIVE DATA—ALUMINUM AND COPPER

 

Aluminum

Pure

Property Cop—

per A0 A75 A2

 

 

Conductivity . . . . ......... 100 62 58 54

Comparative section of

eQual conductivity. . . . 100 156.4 167.0 180.0

Comparative weights of

same lengths of equal

conductivity. . . . . . . . . 100 47 50.2 54.0

  

  

 

weight of the wire, in pounds per mile. The coefficient .003

will be allowed for each degree F. in reducing to standard

temperature

6. The wire must be well galvanized, and be capable of

withstanding the following tests: Several samples to be

selected at random and immersed in a saturated solution

of copper sulphate for 70 sec.. then removed and wiped

dry and clean; this operation to be repeated three more

times and if. then, the wire remains black as after the first

immersion. there being no appearance of a copper deposit,

the samples are well galvanized. Any appearance of a

copper deposit shows that the film of zinc forming the

galvanizing covering was too thin and has been removed

by combining with the sulphuric acid of the solution and

forming zinc sulphate.

ALLOYED WIRE

Phonwelectrie wire is made by the Bridgeport Brass

Company of an alloy containing 98.55% copper. 1.4% tin,

and 5% silicon. In its manufacture, the silicon is nearly

all slagged off. only 05% remaining. It is claimed to have

a tensile strength from 40 to 45% greater than that of hard

drawn copper. Its conductivity is only 40% of pure copper.

It is exceedingly tough, as a 6-in. piece of No. 8 will stand

50 complete turns, instead of 30 for hard-drawn copper.

It is used for trolley wire and for long telephone-line spans.
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RESISTANCEOFPUREALUMINUMWIREAT75°F.*

  

 

 

 

 

130.&SOhmsOhmsFeetOhms
augeperperperper

0.1,000Ft.MileOhmPound

0000.08177.4317212,229.8.00042

000.10310.544409,699.0.00067022
00.13001.686457,692.0.0010812 0.16385.865156,245.4.0016739 1.206721.091504,637.35.0027272 2.260771.376373,836.22.0043441 3.328721.73573,036.12.0069057

4.414482.18852,412.60.010977 5.522682.75971,913.22.017456 6.659103.48021,517.22.027758 7.831184.38851,203.12.044138 81.068025.5355964.180.070179
91.321356.97677561780.11156 101.666678.8000600.000.17467

11.101211.0947475.908.282“

122.649713.990377.412.44856 133.341217.642299.298.71478
144.318022.800231.5821.1623 155.191727.462192.6121.7600 166.69855.368149.2862.8667 178.447244.602118.3804.55881810.651856.24293.88207.2490
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Silicon- and aluminum—bronze wires have high tensile

strength and are free from corrosion, thus rendering them

especially suitable for guy wires; they resist corrosion

fully as well as hard-drawn copper. Some silicon-bronze

wires have a. tensile strength of 80,000 lb. per sq. in. and are

capable of standing SO twists in a length of 6 in. before break

ing. An aluminum'bronze wire showed a strength of 110,000

lb. per sq. in., but its ductility was less than that of the

silicon'bronze wire. The low conductivity of bronze wires

(not much over 35% that of pure copper, and much lower

for some of the alloys) excludes them from use for line wires.

Bronze wires cost about six times as much as either

iron or steel. On account of their cost. they are used but

very little, if at all, in the United States; on some long

lines in Europe, it is quite customary to use bronze wires of

some kind.

GERMAN-SILVER WIRE

German silver is an alloy consisting of 18% to 30% nickel

and the balance about 4 parts copper to 1 part zinc. Weight

of the alloy per cubic foot about 530 1b.; specific gravity,

8.5. Resistance of the 18% alloy at 25° C. 18 times that of

copper, and of the 30% alloy about 28 times that of copper.

Temperature coefficient from 0° to 100° C. 044% increase

of resistance for 1" C. increased temperature. The max

imum safe carrying capacity of German-silver wire in spirals

in open air for continuous duty is such that the circular

mils per ampere varies from about 1,500 in No. 10 wire to

about 475 in No. 30. For intermittent duty, the capacity

is twice as great.

SIZES OF WIRE FOR TELEPHONE AND TELEGRAPH

LINES

Telephone Lines—No definite rules can be given for

choosing the proper wire to be used for overhead telephone

lines, but the following wires and sizes will ordinarily answer

for the purposes mentioned. For telephone lines in the

country and small towns for distances not exceeding 8 mi..

No. 14 B. W. G., B. B. galvanized-iron wire may be used;

for distances not to exceed 25 mi.. N0. 12 B. W. G., B. B.
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RESISTANCE0FGERMAN-SILVERWIRE

 

Resistanceper1,000Feet

InternationalOhms

 

Resistanceper1,000Feet

InternationalOhms

  

B.&S.G.B.&S.G.

N0.N0

18%Wire30%Wire18%Wire30%Wire
67.2011.2121232.92362.32 79.1214.1822295.3845.48

811.5417.9523370.26575v96

914.5522.6324468.18728.28 1018.1828.2825590.22918.12 1122.8435.5326748.081,163.68 1228.8144.8227937.981,459.08 1336.4856.75281,191.241,853.04 1446.1771.82291,481.222,304.12

1558.2190.55301,891.82,942.8 1672.72113.12312,388.63,71.6 1793.40145.29322,955.64,597.6 18118.20183.87333,751.25,835.2 19145.94227.02344,764.67,411.6 20184.68287.28356,031.89,382.8
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galvanized-iron wire may be used; for distances from 25

to 100 mi., No. 10 B. W. G.. B. B. galvanized-iron wire

may be used; for distances of 100 mi. and over, hard-drawn

copper wire should be used, not smaller than N0. 10 B. & S.

for 150 mi. and over. The size most generally used on

farmers' lines is No. 12 B. B. galvanized-iron wire, weighing

about 165 lb. per mi. although N0 14 will answer up to

about 8 mi.

For small city or town lines, No. 14 B. W. G.. B. B.

galvanized-iron wire is extensively used; although in towns

where cable forms part of the line, steel wile may be used.

For lines connected with large city exchanges, hard-drawn

copper wire (usually N0. 12 B. & S.) is almost always used.

For toll lines not. exceeding 75 mi., B. B. galvanized

iron wire,generally No. 10 B. W.G. (but in a few cases No.8

B. W. G.) is used; from 75 to 150 mi., the E. B. B. grade

or hard-drawn copper should be used. For good toll lines

of any length. the best practice calls for complete metallic

circuits of hard-drawn copper, No. 10 B. & S. up to about

500 mi., and No. 8 B. & S. up to about 1,000 mi.

For interior wiring for telephones, No. 16 or No. 18

B. & S. copper wire should be used—in dry places weather

proof office wire, and in damp places rubber-covered wire.

Telegraph Lines.—-The following sizes are those in use for

telegraph lines: '

No. 10 B. & S. hard-drawn copper and No. 4 B. W. G.

galvanized-iron wires are now used on important quadruplex

circuits. Formerly, No. 6 B. W. G. galvanized-iron wire

was used for this purpose.

No. 6 B. W. G. galvanizediron wire is used for important

circuits between cities.

No. 8 B. W. G. galvanized~iron wire, or No. 12 B. & S.

hard-drawn copper wire, is much used for circuits of 400 mi.,

or less, in length. No. 9 B. W. G. galvanized-iron wire

was formerly used for this purpose.

No. 9 B. W. G. galvanized-iron wire was. until recently,

the size generally. used in the United States. It is

now used on short circuits where N0. 8 is not considered

necessary.
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Nos. 10 and 11 B. W. G. galvanized-iron wires are used

for still shorter circuits and for railway telegraph, police,

fire-alarm, and private lines. No. 12 B. W. G. galvanized

iron wire is also used for these purposes.

Nos. 13 and 14 B. W. G. steel wires are used for short

private lines and where strength is especially necessary.

. No. 8 B. & S. copper wire should be used for permanent

ground wires in terminal telegraph offices

OHM'S LAW

The law governing the flow of current in an electric

circuit is known as Ohm's law, and may be stated as follows:

The strength of the continuous current in any circuit 1': directly

proportional to the electromoti'ue force in the circuit, and

inversely proportional to the resistance of the circuit; that is.

=I—z, from which R=%, and E=IR. where l=current

in amperes, E=E. M. F. in volts, and R=resistance in

ohms. If there is in the circuit more than one source of

electromotive force, the value of the resultant electromotive

force must be used in these formulas. Furthermore. if

the circuit contains inductance or capacity, the formulas

are not applicable to variable- or alternatingcurrents.

CAPACITY

Capacity (C) is‘ comparable to the capacity of a bottle

containing air. The addition of a given amount of air will

raise the pressure more or less, and the amount of air required

to produce a certain pressure in the bottle may be taken

as the measure of the capacity of the bottle. This capacity

is analogous to the electrostatic capacity of a condenser.

which is measured by the quantity of electricity with which

it must be charged in order to raise its electrical potential

from zero to unity. The unit of capacity is the farad.

A condenser has a capacity of 1 farad when 1 coulomb is

required to raise its potential from zero to 1 volt. Since

the farad is very large. its millionth part, or the microfarad.

is generally used as the practical unit. The microfarad

1
-= or 10_6 farads. Condensers from fl, to 6 micro
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farads capacity are the sizes most commonly used in the

United States. I

CAPACITY OF CONDENSERS

If a difference of potential of E volts exists across the

terminals of a condenser of C farads capacity, then the charge

of Q coulombs in the condenser may be calculated from

the formula '

Q=CE

from which C=g

and E=%

The capacity of a condenser is given by the formula

1&1?“
41010“

in which K is the inductivity of the dielectric between

the tin-foil or metal plates; a is the area in square centi

meters of all the dielectric sheets actually between and

separating the condenser plates; and d is the average thick—

ness in centimeters of the dielectric sheets. If there are

n insulating sheets, each of area 5‘ then a=ns.

When a and d are given in square inches and inches,

respectively, the formula becomes

2,248 Ka

11X 10“) '

Condensers in Parallel.—When two or more condensers

are connected in parallel, the joint capacity C is equal to

the sum of their capacities. that is, C=C1+C2+C4+ete

Condensers in Series—When two or more condensers

C1, C2, Ca, etc. are joined in series, their joint capacity C is

equal to the reciprocal of the sum of their reciprocals. that is\

c=

C (microfarads) =

C (microfarads) =

l l 1

a+ 62 + a + ECC.

There are as many terms in the denominator as there are

condensers connected in series. For example, the capacity

of four condensers of 2, 4, 5, and 8 microfarads capacity

connected in series is calculated as follows: i“ + t + t + i

= 1.075, and = .93 microfarad.

_1_

1.075
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mnucnvrry

The induclim'ty, or specific inductive capacity, of a substance

is its dielectric power, or ability to convey the influence

of an electrified body. Calling the inductivity of dry air

at standard atmospheric pressure 1, the inductivity of any

other substance is measured by the ratio of the capacity

DIELECTRIC STRENGTH or Am

I5
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of a condenser when its plates are separated by that substance

to the capacity of the same condenser when its plats are

separated by the same thickness of dry air. Various

methods are used to determine the inductivities of substances

and the capacities of condensers, and these methods do

not all give the same results. Values obtained by the so
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INDUCTIVITIES OF VARIOUS SUBSTANCES

 

Material

Air, vacuum at about .001 mm. pres

Air. vacuum at about 5 mm. pres

Hydrogen, at ordinary pressure .....

Air, at ordinary pressure, standard. .

Carbon dioxide, at ordinary pressure.

Olefiant gas, at ordinary pressure. . .

Methane.........................

Sulphur dioxide, at ordinary pres<

anapaper.....................

Carbonbisulphide.................

Paraflin,clear........

Beeswax....... .

Paraffin,solid... .

esin .........

  

  

  

  

Inductivity

K

.9400

.9990

.9997 to 1.00026

1.0000

1.00036 to 1.00095

1.0007

1.0009

1.0037

1.50

1.60 to 1.81

1.68 to 2.32

1.86

1.99136“ to 2.32

1.772to 2.55

0mkerite......................... .00

Petroleum........................ 203t02.42

2.05*t03.15

Tu ntine . 2.15t02.43

India rubber, pure. . . 2.22 to 2.497

Sulphur ............ . 2.24 to 3.84

Gutta percha . . 2.46'l to 4.20

Shellac........................... 2.74'190360

Olive and neat's-footoils.......... 3.00 to 3.16

Spermoil................... 3.02t03.09

3.013‘t03258"

4.00t08

Pomelain......................... 4.38

mtg ss,very 1g 1*... .

Fliutglass,light....... 6.85

Flintglass,verydense....._....... 7.40

Flint glass, double extra dense ...... 10.10

 

*Results obtained by instantaneous methods.
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called instantaneous methods are invariably lower than

values obtained by the slower charge and discharge methods.

DIELECTRIC STRENGTH

The dielectric strength of an insulating substance is the

maximum difference of potential that it will stand without

being punctured. It is determined by placing a thin layer

of the substance between two metal electrodes, and increas

ing the difference of potential between the electrodes by

small steps until a spark passes through the dielectric;

the difference of potential in volts preceding that which

punctures the insulation is the maximum strength of the

dielectric.

The curve on page 122 shows the dielectric strength of air,

as determined by C. P. Steinmetz, with a frequency of

A 125 cycles per sec., using needle points 2} in. long.

INDUCTANCE

Inductance, or the coefficient of self-induction L. is the

ratio between the total induction through a. circuit to the

current producing it. The unit of inductance is the henry.

An inductance of 1 henry exists in a circuit when a current

changing at a rate of 1 ampere per sec. induces an electro

motive force of 1 volt in the circuit. As the henry is quite

large, the one-thousandth part of it, or the millihenry, is

frequently used. The millihenry= “In; or IO—Shenry.

WORK AND POWER

Work, or energy, is expended in a circuit or conductor

when a current of electricity flows through it. The unit

of electrical work or energy is called the joule, after an

eminent English scientist. If E is the electromotive force,

or diflerence of potential, in volts that causes Q coulombs

of electricity to flow through a circuit, the work expended

in joules is

J =5 XQ

If an electromotive force, or difference of potential, of

E volts causes a current of I amperes to flow for t seconds

throth a resistance of R ohms, then
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The joule may be defined as the work done when 1 ampere

flows for 1 second through a resistance of 1 ohm.

The energy used in forcing current through a resistance

is converted into heat as follows:

4.2 joules=1 small calorie

1 joule = .24 small calorie

The watt-hour is an extensively used unit of work. Watt

hours equal the product of the average number of watts

and the number of hours during which they are expended.

One kilmuatt-hour=l.000 watt-hours. or the product of

the aveiage number of kilowatts and the number of hours.

Although five figures are given in most of the values in the

accompanying table. it is rarely necessary to use more than

three figures, and in very many cases two figures are suf

ficient. For instance, it is usually sufficient to use 1 calorie

(gram-degree-C.)=4.2 joules, or, to bea little more exact.

l calorie=4.19 joules. This table was calculated on the

basis of 1 B.T. U. being equal to 778 it.-lb.. and the accel

eration of gravity g was taken as equal to 981 cm. per sec.

per sec.

Power (P), which is the rate at which work is done. is

equal to the work divided by the time, and may be cal

culated by any one of the followinEg2 for;nulas.

P=IE=I2R=T=7

If I is in amperes. R in ohms. E in volts. ] in joules. and

,in seconds. P is in watts.

The watt. or unit of electric power. is equal to 1 joule

per sec. It is the rate at which work is expended when

l ampere flows through a resistance of 1 ohm. The watt

is too small a unit for convenient use in many cases, so that

the kilowatt (K. W.). or 1.000 watts. is frequently used.

1 H. P. equals 746 watts; therefore. H.P. =M)

746 '

P (in kilowatti)

or H. P. = .746



NUMBER OF VOLTS REQUIRED TO PRODUCE A SPARK

BETWEEN BALLS IN AIR

 

 

 

 

Length of Spark Gap in Diameter of the Balls

1 Cm. 2 Cm. 6 Cm.

Cent]. =.3937 In. —.787 In. =2.36 In.

meters Inches

Volts Volts Volts

.02 0079 1,560 1 530

.04 0157 2,460 2,430

.06 0236 3,300 3.240

.08 0315 4.050 3.9

.10 0394 4,800 4.800 4 500

.20 0787 8,400 8. 7.800

.30 1181 11,400 11,400 10.800

.40 1575 14,400 14,400 13,500

.50 1969 17.100 17,100 16,500

.60 2362 19,500 19,800 19,500

.70 2756 21.600 22.500 22.500

.80 .3150 23, 24,900 26.100

.90 .3543 24,600 27.300 29.000

1.00 .3937 25,500 29,100 32.700

 

 

  

 

DIELECTRIC STRENGTH OF VARIOUS SUBSTANCES

(Macfarlane and Pierce)

 

 

Strengthin

Substance Volts per

Centimeter

Oil of turpentine ......................... 94,000

Paraffinoil............................ 87,000

Oliveoil. 82.000

Paraffin (melted)........... 56.000

Keroseneoil.........-................. 50.000

Parafiin(solid) 130.000

Beeswaxedpaper...................... 0.000

A1r(t.h1ckness5cm.) 23,800

C02(thickflessScm.)................... 22.700

Oxygen (thiclgness5cm.).. 22,200

Hydrogen (thickness 5 cm.) .............. 15.100

Coal gas (thickness5cm.)............... 22,300
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DIELECTRICSTRENGTHOFVARIOUSSUBSTANCES

(ParshallandHobart)

 

Substance

l

ThicknessinInches

PuncturingVoltage

Voltsper"‘01;In.

 

Compositesheetsofmicaand paperpreparedsoastobe

moisture-proof.........

Leatheroid.....................

Vulcanizedfiber.........

Hardrubber

Kiln-driedmapleandother

similarwoods.........

Vulcabeston............

Redpressboard................. Redropepaper.................

Manilapaper..........
Oiledcambric........

Oiledcotton..... Oiledpaper...............

Mica.........

  

.005 .007 .009 .011

I};or.0156 31;or.0313 g";or.0469 it;or.0625 §or.125 1'3601'lor.25

§or.125to1

.03 .01
.003 .007 .003{.004 .010

 
.Pf“

3,600to5,860 7,800to10,800 8,800to11,400 11,600to14,600

5,000 8,000 12,000 15,000 15.000 6,000 6,000

about10,000

10,000to20,000

10,00010,000 1,000 400

2,500to4,5006,300to7,000 3,400to4,800

.000

{

5

2.1X106permm.

 

320 256 256 240 120
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RELATIONBETWEENUNITSOFWORK

 
 

NameofUnitErgsJoulesKiEI‘LZEt'CaloriesP123255B.T.U. 12.77823,88273,73494,7741erg........1To;“710"1012‘-Toilss 150.116.................10112%?.23882.737349415874

1ki10watt»h0ur.........36><10l236X10511%1859,7702,654,400136113153

1calorie(gram-deg.0)...41,872,0004.137216,?13.0873“16,3

1foot~pound.........13.562.0001.35623:553.323901.001285

1Britishthermalunit29310

(lb.»deg.F........1o.551><1061,055.1'252.007781
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MAGNETISM

MAGNETIC QUANTITIES

Strength of Pole (m).——A magnetic pole of unit strength

is one that repels with a force of l dyne another similar

and equal pole when placed 1 cm. from it.

Magnetic Moment (my—The magnetic moment of a mag

net is equal to the product of the strength m of one of its

poles and the distance 1 between the poles. That ism

= m X l.

Intensity of Magnetization (Cl).—The intensity of magnet

ization is equal to the strength m of a magnetic pole divided

by its area A; that is, Cl=g.

The intensity of magnetic field, field density. or magnetizing

force 30. at any point is measured by the force with which the

field acts on a unit pole placed at that point. A unit field,

called a gauss, acts with a force of l dyne on a unit pole,

and is represented by 1 line of force, or 1 maxwell. per sq. cm.

A field having an intensity of 5 lines of force per sq. cm

may be called a field of 5 maxwells per sq. cm.. or simply

a field of 5 gausses. The number of lines of force, or max—

Wells per unit area of a magnetic substance is variously

called its magnetic induction, flux density, magnetic density.

or simply magnetism, and is represented by (B when the unit

area is 1 sq. cm. or by B when the unit area is 1 sq. in.

Alagneh'c flux, or total induction. usually designated by

the Greek letter <l> (phi), is the total number of lines of force

threading a magnetic circuit, and is equal to the product

of the magnetic density and the cross-sectional area; thatI is.

<l>=-(BA

If (B is expressed in lines of force per square centimeter.

or gausses. then A must be in square centimeters; and it

B is in lines of force per square inch, A must be in square

inches.

Magnetic Permeability (pl—Magnetic permeability is

the ratio between the flux density (B and the field inten

sity 36; that is, if the flux density through a solenoid is 36



WSIIHNDVW

MAGNETICQUALITIESOFAHNEALEDSHEETIRON

   

 

 

 

MagneticDens‘typerMagnetiggngForce1Amperpeer'l‘urnsPage;

SquareCenti

SquareSquare-_SquareInch

CentimeterInchSneagrlnch122%;ILeli'17gthp'

(BI50H»H1QI

1.55010.0002.480161.9735.011625.0 3.10020.0003.565232.8367.204869.6

4.65030.0004.340283.4528.7701.07l.4

6.20040.0005.115334.06910.341.2121 7.75050.0006.510425.17913.151,190.4 .300600008.215536.53516.601,132.0

10.07565.000

10.85070.00010.54688.38421.301,029.4

12.80.00014.57941l.5929.44851.0

13.95090.00021.3913817.0243.22652.2 15,500100.00033.1721426.3967.02467.3

16,275105.000

17.050110.00057.9737446.11117.14294.1

17.825115,000

18.600120.000112.3872589.39227.07165.5 19,375125.000166.631.057132.55346.69116.3
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MAGNETICQUALITIESOFUNANNEALEDCASTSTEEL

   

 

 

 

 

 

 

..Meizin--

MagnumDensxtyperagntpergForceAmpegerumsPgri-lrfiza

SquareCenti

SquareSquare-_SquareInch

CentimeterInchmag,InchL'glgte‘ilLclhIL

(B8SCH1l

155010.0002.790182.2195638555.53100200004.340283.4528770714.34650300005.425354.3121096857.1620006.665435.3021347930.27750500008.370546.65816919259930060,00011.16728.87822558333

1007565.000

1085070.153599108531017071124008000022631461800457354731395090.000348822527747047400015500100,00058133754624117452666

16275105.000

17,050110,00011315730900122864150717.825115.000157331.01512515317901133
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MAGNETICQUALITIESOFWROUGHT-IRONFORGINGS

   

 

 

 

MagnetlcDenSltyPerMagnetigeingForceAmpegngurnsPig-Ira?

SquareCenti<

SquareSquare-_SquareInch

CentimeterInch3:32,,InchLne‘lgtmilLelnhIL

65B50ll11

1.55010,0001.860121.4803.758833.3 3,10020,0002.325151.8504.6981,333.3 4,65030,0002.790182.2195.6381,595.7 6,20040,0003.565232.8367.2041,739.17,75050,0004.650303.6999.3961,666.6 9,30060,0006.8205.42513.781,363.6

10,07565,000

10,85070,00010.0868.01520.361,076.912,40080,00016.1210412.8232.57769.2 13,95090,00031.0020024.6662.64450.0 15,500100,00066.0543053.02134.68232.6 16,275105,00097.6563077.68197.32166.6 17,050110,000160.431,035127.62324.16106.3
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MAGNETICQUALITIESOFGRAYCASTARON

   

 

MagneticDensityperMagnetigéxrigForceAmpe;:;'l‘urnsPgfiinéera

SquareCenti

SquareSquare-_SquareInch

CentimeterInchInchfigtmi,Len%thIL

05a:1011TT

1,55010,0009.92647.89120.04156.3 3,10020,00016.2810512.9532.89190.5 4,65030,00025.4216420.2251.36182.9 6,20040,00040.6126232.3082.06152.9 7.75050,00066.6543053.02134.68116.3 ,30060,000112.2971888.53224.4983.6 10,07565,000159.651,030127.0322.6063.1
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when the core consists of air, and is 65 when the core con

sists of iron, thewermeability of the iron is

LinaofFor"perJ‘qum-vConfirm/0

  

‘07“ a)“ Force in Afrprr .Squam Can/7010!”

(B—JC CURVES

Metamotive force {F (sometimes written M. M. R).

for the unit of which the name Gilbert has been proposed,

is the total magnetizing force produced by a coil of T turns

through which a current of I amperes is flowing. The

magnetomotive force

4wIT
t7 = —1T =1.251 IT
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Reluctance (R, for the unit of which the name onst

has been proposed. is the magnetic resistance, or opposition,

offered by a substance to the passage of magnetic flux.

Unit magnetomotive force will produce unit flux through

Z77!“o/Farcep”SquireInch

  

900 um'

Line: q' fame in Air pe/ Sywre (064a

I II Cunvxs

unit reluctance. A cubic centimeter of a perfectly non

magnetic substance. such as air, has unit reluctance.

HYSTERESIS

Hysteresis may be defined as the tendency of a magnetic

substance to persist in any magnetic state that it may have

acquired. When an alternating or variable current flow:
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HYSTERESIS LOSS AT ONE CYCLE PER SECOND AT

VARIOUS FREQUENCIES

120000

30000 _

70000

60000

50000

J0000

  

10000

G

a 005 .0/0 .0/5 020 .025 .030 .035 040

Wall.) per cub/i: inc/1 for one cycle per .59ch

in a coil around iron, some work is expended due to the

hysteresis of the iron; this work appears as heat in the iron.
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If a is the power in watts expended in 1 cu. in. of iron for

1 cycle per sec.; V. the volume of iron in cubic inches;

n, the number of cycles per second; and P, the total watts

expended in hysteresis; then,

P=aVn

Obtain the value of a from the curve given on page 136 for

any given density B. '

The Steinmetz formula for the power in watts lost in

hysteresis is

kl’qu-fin

= 101—

where V is the volume in cubic centimeters and (B is the

induction per square centimeter.

The constant I: will vaiy a great deal, depending on the

quality of the iron. A fair value for k for annealed sheet

iron and steel, such as used in dynamo and motor armatures,

is .0035; for gray cast iron .013; and for cast steel, .003.

The total hysteresis loss in watts in iron, where the

dimensions are given in inches, is very nearly

.83kBl-Wn

P“'10?

EDDY-CURRENT LOSS

(From Parshall and Hoban)

In sheet iron not over .025 in. thick, the eddy-current

loss should theoretically conform to the formula

W= 1.51211.sz X 10—10

where W=watts per pound of iron at 0° C.;

t =thickness of iron, in inches;

n =number of- cycles per second;

B =number of lines of force per square inch,

The loss decreases .5% per degree C. increase of temper

ature. The formula holds for iron whose specific resistance

is 10 microhms per cm. cube at 0° C. and wh0se specific

weight is .282 lb. per cu. in. For thicknesses greater than

.025 in,, the results given by the above formula are greatly

modified. The curves in the accompanying figure show

eddy-current losses in various thicknesses of sheet iron
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LAWS OF MAGNETIC CIRCUIT

The total magnetic flux in a circuit is directly propor

tional to the magnetomotive force acting in the circuit

and inversely proportional to the reluctance 0‘. the circuit; or

° (R

If 0 is the flux in maxwells, then {F will be the magneto

motive force in C. G. S. units, or gilberts, and (R will be

the reluctance in C. G. S. units, or oersteds.
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The reluctance of a. magnetic circuit is directly proportional

to the length of the circuit, and inversely proportional to

the product of the area of the cross-section of the circuit

and the permeability, or I

(R'Z‘W

If I and A are in centimeters and square centimeters,

respectively, (R will be in C. G. S units; if in inches and

squaie inches, the reluctance will be in units to which no

name has been given. Since for air and all other non

magnetic substances u=1, the reluctance 01—%. In a'
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complex magnetic circuit, the total reluctance is equal to

the sum of the reluctances of all the partsv

The magnetomotive force due to an electromagnetic

solenoid is directly proportional to the current and to the

number of turns in the solenoid; that is,

5F=JCI=1257IT

H 1 =3.1921T

in which 1 must be expressed in centimeters and l in inches.

The field density (in air) produced inside a long solenoid,

and approximately inside any coil, whose length is large

compared with its diameter, can be determined by the

preceding formulas. From the same formulas can be

determined the ampere-turns IT required to pruducv a

given field density 3C or II inside a coil whose length is

known. The field density multiplied by the average area

of the coil gives the total number of lines threading the coil

when it contains no iron. If iron is introduced, it is necessary

to multiply the field density by the permeability of the iron

for that particular field density, and then by the sectional area

of the iron. in order to get the total flux threading the iron.

Since 5c1=l.257IT., IT=.7963CI, where l is in centi

meters; and for a given magnetizing force in a complex

magnetic circuit, the number of ampere-turns is

IT=.7965C,11 + 19630212+ .7963Cala+etc.,

or, when the dimensions are in inches,

IT= .313"111+.313"212+.313"3l3+ctc.

The following ampere-turn curves are plotted respect

ively with (B and B as ordinates and .79636 and .313" as

abscissas. For a given density, find from the curve the

corresponding abscissa which multiplied by the length will

give the ampere-turns required for that part of the circuit.

The sum of the ampere-turns for each part will give the total

number of ampere-turns required.

AMPERE-TURN CURVE—ENGLISH MEASURES

To reduce the length of the curve for sheet iron. the portion

a b for densities greater than 123,000 per sq. in. is plotted

backwards; for example, a density of 125,000 lines per sq. in.

requires 325 ampere-turns per in.
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507 150

4101700
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§

§

ll”:4!f'orn9034”":lam

|i/w ' i 2110
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INDUCTION

The electromotive force E in volts generated in a conductor

cutting 0 lines of force in 8 seconds may be computed by the

formula

0
5:108:
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Self-Induction.—A coil has 1 C G. S. unit of inductance

when 1 C G. S. unit of current flowing through 1 turn pro

AMPERE-TURN Cunve—Mxrmc Mmsuaes

enr/mehr

fr:6

EmS

/0000

6000

L/neaofFameper6‘10

mc.c.c

2000

  

20 40 60 00 100 ' I20

Ampere —7“ume‘ fer Cent/mere! Lang/h

duces 1 line of force. If I is the current in amperes, T the

number of tums in a coil, 0 the number of lines of force

due to the coil. then the inductance of the coil in henrys is

L _ QT

_Efi
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The inductance in henrys of a coil containing no iron

may be computed by the formula

4 PA

L: " _
1091

in which T is the number of turns in the coil, A is its mean

area in square centimeters, and lis its length in centimeters.

For a cylindrical coil whose mean area is "12. the formula

reduces to

 

3.948127"!

L _ 10111

If the radius and the length of the coil are given in inches,

then the inductance in henrys is similar to r

10.028r1’7"2

10111

These two formulas are strictly true only for a long coil

in which the length is twenty or more times the diameter.

and the depth of winding is small compared to the mean

radius However, they may be used to determine approiv

imately the inductance of any ordinary solenoid containing

no magnetic material. A formula for the inductance in

Cv G. Sv units of coils having any number of layers and said

by L. Cohen to be exact to i- of 1 per cent, even for short

solenoids whose length is twice the diameter and increasing

in accuracy as the ratio of length to diameter increases, is

as follows: L-=

4n%%{u2“"4+“E - 8”"?

V002+12 3"

+ I" -l[‘1fli2 + P - 5011+ §[m(m — 1):.112+(m — 1)(m—2)a,2

_ _ “2 _2|n:_,]}+(m 2)(m 3) 3+ {my '

in which m (is the number of layers; no, the mean radius

of the solenoid; ah a2, a3, etc., the mean radii of the various

layers; 1, the length of solenoid; r. the radial distance between

two consecutive layers; n, the number of turns per unit

length; all dimensions are in centimeters. For a solenoid

whose length is at least four times its diameter, the last

fonnula reduces to

 

L=

} + Sw2n'-’{[(m — 1)a|2 + (m -—‘2)a'_»2
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2004+ao2l2_8a03

\illaoz+l2 3”

+(m-2)022+ ---][Val2+F-iml}

For a single layer the first formula reduces to

2044-12212 803

L=41r7n2 ——-—————

[Mano 3"]

_If the solenoid contains magnetic material the induct

ance given by these formulas must be multiplied by the

permeability M- of the magnetic material at the density to

which the coil magnetizes the iron.

The mutual inductance between two coils in henrys is

@T
M' 1081

L - 4,11%": +sfl2n2{ [(m - 1 >09

RULES FOR DIRECTION OF CURRENT AND MOTION

Rule.—If the current in a conductor is flowing from south

to north, and a compass is placed under the conductor, the

north end of the needle 1‘11er be ‘ a Q

deflected to the west; if the

compass is placed over the § g

conductor, the north end of the a 8 g a

needle will be deflected to the ‘5‘ ‘8

east.

To determine the polarity

of an electromagnetic solenoid: I

In looking at the end of a

solenoid, if an electric current 5 s

flows in it clockwise, the end

next to the observer is a south

pole and the other end is a FIG 1

north pole; if counter-clock- '

wise, the position of the poles is reversed.

To determine the direction of the lines of force set up

around a conductor: If the current in a conductor is flowing

away from the observer, then the direction of the lines of

forcc will be clockwise around the conductor.

To determine the direction of motion of a conductor

carrying a current when placed in a magnetic field: Place
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thumb, forefinger, and middle finger of the left hand each

at right angles to the other two; if the forefinger shows the

direction of the lines of force and the

middle finger shows the direction of the
Observer  

FIG. 2

current, then the thumb will show the direction of the

motion giVen to the conductor.

To determine the direction of an induced current in a

conductor that is moving in a magnetic field: Place thumb,

forefinger. and middle

finger of the right hand

each at right angles to

the other two; if the

forefinger shows the di

rection of the lines of

force and the thumb

shows the direction of

motion of the conduc

tor. then the middle

finger will show the

direction of the induced

current.

A rule that is sometimes useful is the following: If

the eflect of the movement of a closed coil is to diminish the

number of lines of force that pass through it, the current

will flow in the conductor in a clockwise direction, when

viewed by a person looking along the magnetic field in the

direction of the lines of force; but if the effect is to increase
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COTTON-COVERED ANNEALED COPPER WIRE

 

 

 

0 Bare Single Cotton-Covered

a“

(g D“ W'1a. - ires

05 ‘ Dia. Area Over 12111-1? per

.2 Mils Cir. Mils Ins. 1 000' Sq. In.

- d d2 Mils -'— (5)20 ’
m x d: d‘ )

0000 460 212.000

000 4 10 168,000

00 365 133,000

0 325 106,000

1 289 83 .700

2 258 66.400

3 229 52.600

4 204 41 ,700 211 4.73 22.3

5 182 33,100 189 5.29 27.9

6 162 26,300 169 5.91 34.9

7 144 20,800 151 6.62 43.8

8 128 16.500 136 7.35 54.0

9 114 13,100 121 8.26 68.2

10 102 10,400 108 9.25 85.5

11 90.7 8.230 97 10.3 106

12 80.8 6.530 87 11.4 129

13 71.9 5.180 78 12.8 163

14 64.1 4,110 70 14.2 201

15 57.1 3,260 63 15.8 249

16 50.8 2,580 56 17.8 316

17 45.3 2,050 50 20.0 400

18 40.3 1 .620 45 22.2 492

19 35.9 1 .290 39 25.6 655

20 32.0 1 .020 36 27.7 767

21 28.5 810 32.5 30.7 942

22 25.3 642 29.0 34.4 1,180

23 22.6 510 26.6 37.5 .400

24 20.1 404 24.1 41.4 1,710
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TABLE—(CMtinuZd)
 

 

 

0 Bare Single Cotton-Covered

E. Dia. - Wires
:0 Din. Area Over grlrf: Der

Q Mils Cir. Mils Ins. 1 000' Sq. In.

in- d d2 Mils —‘— (Logo 9

25 17.9 320 21.9 45.6 2.070

26 15.9 254 19.9 50.2 .52

27 14.2 202 18.2 54.9 3.010

28 12.6 160 16.6 60.2 3.620

29 l 1.3 127 15.3 65.3 4,260

30 10.0 101 14.0 71.4 5.090

31 8.93 79.7 12.9 77.5 6.000

32 7.95 63.2 1 1.9 84.0 7.050

33 7.08 50.1 11.1 90.0 8.100

34 6.3 1 39.8 10.3 97.0 9.400

35 5.62 31.5 9.6 104 10,800

36 5.00 25.0 8.5 117 13.600

37 4.45 19.8

38 3.97 15.7

39 3 .53 12.5

40 3.15 9 .89

  

   

 

the number of lines of force that pass through the coil. the

current will flow in the opposite direction.

MAGNET-WINDING CALCULATIONS

Suppose a winding space,

having the length s and the Tr,___ . ___

depth h=é"_d‘. is to be filled j 

2  

with wire wound in layers as l i

closely as possible. The diameter '5' v:

of the bare wire is d, and over i

the insulation (11:. The space i

 

  

will hold 35: turns per layer and
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COTTON-COVERED ANNEALED COPPER WIRE .

 

oooch-pouch-\B'&S'Gauge

Double Cze‘tlgon-Covered

“’9

Triple Cotton-Covered

Wire

 

 

 

  

 

 

D53, Wires Wires Dia. Wires Wires

Over gar ' Def Over per In Der

1ns_ n. Sq. In. Ins. 1 000' Sq. I

Nils 51% (1320)” Mils —'— (5)29 ’
dx (1: dz ‘1‘ dx (1: )

478 2.09 4.36

428 2.33 5.42

383 2.61 6.81

339 2.94 8.64 343 2.91 8.46

303 3.30 10.8 307 3.25 10.5

272 3.67 13.4 276 3.62 13.1

242 4.13 17.0 247 4.04 16.3

216 4.62 21.3 _ 220 4.54 20.6

194 5.15 26.5 198 5.05 25.5

174 5.74 32.9 178 5.61 31.4

156 6.41 41.0 160 6.25 39.0

141 7.09 50.2 145 6.89 47.4

126 7.93 62.8 130 7.69 59.1

112 8.92 79.5 116 8.02 64.

101 9.90 98.0 105 9.52 90.6

91 10.9 118 95 10.5 ‘ 110

82 12.1 146 86 11.6 1 134

74 13.5 182 78 12.8 163

67 14.9 222 71 14.0 196

59 16.9 285 63 15.8 249

53 18.8 353 57 17.5 306

48 20.8 432 52 19.2 368

43 23.2 538 47 21.2 449

40 25.0 625 44 22.7 515

36.5 27.3 745 40.5 24.6 605

33.0 30.3 918 37 27.0 729

30.6 32.6 1,060 34.6 28.9 835

28.1 35.5 1,260 32.1 31.1 967
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TABLE—( Continued)

 

 

 

  

 

  

  

 

Double Cottpn-Covered Triple CottonCoverecl

go Wire Wire

:3
Us Dia‘ Wires Wires Dia. Wires Wires

Over Bf Per Over m. In Der

ca Ins. n- SQ- 131- IDS. pl 000. SQ- In

ni Mils 1.000 2 Mils '— I

8 dx dx ) d: d; dz: )

25 25.9 38.6 1,480

26 23.9 41.8 ,740

27 22.2 45.0 2,020

28 20.6 48.5 2,350

29 19.3 51.8 2,680 These small~size wires are

30 18.0 55.5 3,080 seldom, if ever, covered

31 16.9 59.1 3,490 with three layers of

32 15.9 62.8 3.940 cotton.

33 15.1 66.2 4,380

34 14.3 69.9 4,880

35 13.6 73.5 5,400

36 12.0 83.3 6,930

h
3; layers. and the total turns

= _'i=M (1)

(dx)2 2(d£)2

The mean diameter of all the turns is

_ _ _ éei..Mdo h—do 2 2 -

the length I of a mean turn is

IMO-+111)

'—_2-

and the total length of wire is

L_IT(dn>+_d|) I: ush(do+d|)

2 2(dx)2 '

The resistance is

_vrpsh(du+d1)

R 201:): (a)

(2)
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where p is the resistance per unit length of wire. Since

Eh—(é;+;m=V, the total volume of winding space. then

"PK
R _ (do I (4')

In general. if m is the resistance per mil-foot. a the cir

cular mils cross'section of the wire. 1 the mean length in inches

of one turn, and T the total number of turns, the resistance is

R-llz (5)

120

If the coil is to be used on a fixed voltage E. the current

E 1250 l2Ea _

I—Rr=;”—_, and the ampere-turns IT — —m~l—— from which

the circular mils '

_mlIT“ml—2? (B)

For copper wire at 75° F. err—10.5 ohms, but if the wire

is heated until the resistance is increased about 14%, the

constant becomes 12 ohms, a value frequently used. Xi

m-l2, the formula becomes

11 T
d—-E- (7)

which gives the cross-section of wire needed for a given

number of ampere-turns when the temperature of the wire

is about 135° F.

By making no allowance for the thickness of insulation,

except that each wire occupies a space of (1:2 square inches,

the diameter of a wire required to fill a winding space of

outside diameter do, inside diameter d], and length s all in

inches, and offer a given resistance of R ohms, is given

approximately by the formula

a= .0288 \‘lgg-fi (sf

where d is the diameter of the bare wire in inches.

A more exact formula for determining the diameter is

d,\/,-2+\/nm_gi@_,- (9)

where 1' is the radial thickness of the insulation, and n is the

resistance of a wire 1 inch long and 1 inch in diameter.
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The bare diameter d of a wire for a coil that will produce

IT ampere-turns with a given voltage E may be determined

from the formula

d: .‘ 10000013745111 + d1)lT (10)

The length of insulated wire on a spool or bobbin is

given by the formula

__.'._854s(dn —d12)

1" __(2i+d)2 (11)

When the volume V of the winding space in cubic inches

and the ohms per cubic inch 00f the sized wire used is known,

the resistance of a coil can be determined from the formula

R= V0= 7854:0019” — d1?) (12)

The heating effect of the energy lost in a magnet coil

depends on the shape of the coil and on the conditions of

ventilation. If do is the outside diameter of a coil and

s is its length, both in inches. and W is the total watts lost

in the coil, the watts per square inch of cylindrical surface is

w=;d(;

The safe value for w varies generally from .25 to 1.5. a

fair value, if the ventilating conditions are good. being

.75 to 1 for coils at 75° F. above the temperature of the

surrounding air. Higher values of u! can be used only for

exceptionally good ventilating conditions or for intermittent

service conditions.

Since W =I2R=EE2. R=%=;%. which gives the resist

ance of a coil when dissipating w watts per square inch.

The following formula gives the diameter d of a wire that

will produce the greatest number of ampere-turns with a

rise in temperature of 2° F..
 

a=4%usaxu+mmmxaoxexwoi-dmW:+#-¢

in which i is the radial thickness of the insulation on the

wire, and W: is the watts radiated per square inch of cylin

drical surface of the coil.

The greatest number of ampere'turns IT that can be

obtained in a coil of given size for a given voltage E. a given

rise in temperature t°F.. and W: watts radiated per square
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inch of cylindrical surface. can be calculated from the

formula

I

. 1 .0022310 J 4.2- '-' wB[.J.\IOOO002159X( + )Izwox x( i 41 )x :ML‘]

a

11_ . .
.000001314 nub-+111)

  

 

DRY-CORE PAPER-INSULATED TELEPHONE CABLES

 

 

   

 

  

 

 

No.19_B.&S. goézzso No.22 B.&s.

Wire Wire ire

a Q s i G) U S

~— ._ icing ._ -— licing

a“: 'g leeve '0 '2 leeve

~6- 0 8 U

v s c “a *5 $
0 5 u A: u

z h o Q 'n In 1‘: iii 0 w

‘2‘» 5 *6 fi *3. s a ‘5 5 v E E E
E E g r: o E E E o c u

.s .s H 3 .E. .s .s .s 5 3 5

Q Q Q Q Q

15 2 20 1 18

20 1.134 2 20 1.032 .860 1 18

25 1.109 2 25 1.100 .928 2 20

50 1.534 2 28 1.427 1.251 2 20

75 1.822 2* 28 1.648 1.461 2} 22

100 2.063 2% 28 1.907 1.632 2 24

125 2.268 3 28 2.102 1.805 2 28

150 2.457 3 30 2.269 1.943 3 28

175 2.630 3} 30 2.423 2.080 3 28

200 2.784 3% 32 2.578 2.2 3 28

300 4 36 2.630 3% 23

400 4 40 4 28

 

 

 

 

Each conductor has a capacity of .08 microfarad per

mile. The 20-pair No. 20 B. & S. conductor cable and the

251mir No. 22 B. 8: S. conductor cable have lead sheaths

‘7‘ in. thick, the 20-pair No. 22 B. & S. conductor cable

hasa lead sheath in in. thick; all others have lead sheaths

i in. thick. For V and loop splices. use a sleeve one size

larger than given for straight splices in this table.
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Concrete—For manholes and around conduits good con

crete may be made of 1 part of Portland cement or 2 parts of

Rosendale or native cement, 3 parts of sand. and 5 or 6 parts

of broken stone, or good cinders or furnace slag, that will

pass through a ring 1% inches in diameter. but not through a

ring 1 inch in diameter. For good results, concrete should

be mixed as follows First, mix the sand and cement,

turning them together at least three times dry, then add the

stone, which should previously have been thoroughly

wetted, and turn the mixture at least once over, finally

add enough water to make the concrete tamp nicely, but not

so moist as to have water run from it, and turn over at least

three times. The water should not be supplied from a hose

giving a strong stream that will cause the finely divided

cement to be washed away; use buckets or a weak stream of

Water.

Poles.—Telephone and telegraph poles 25-ft. long should

be set in 5—ft. holes; 30-ft. poles in 5§-ft. holes; 35- and 40—ft.

poles in 6-ft. holes; 45-ft. poles in 64-ft. holes; 50-ft. poles

in 7-ft. holes; 55-ft. poles in H-ft. holes; 60—ft. poles in 8-ft.

holes; 65-ft. poles in 81-h. holes; 70-ft. poles in 9-ft. holes,

75-ft. poles in 9i-ft. holes; 80-ft. poles in 10-ft. holes; 85-ft.

poles in 10%-ft. holes. 90-ft. poles in 11-ft. holes. Poles on

corners should be set about 5 ft. deeper.

Cross~arms should be placed at such a height on poles that

the lowest wire will be, in hot weather, at least 27 ft.and

preferably 30 ft. above railroad rails over which the wire

crosses. Double cross-arms should be used on each side of

a railroad track. Poles along a railroad should be at least

7 feet from the nearest rail with lowest cross—arm at least

22 ft. above rail. Lowest wire crossing a public road

should be at least 19 ft. above crown of road. Standard

telephone and telegraph cross-arms are 31* in.><4l~ in., and

so-called telephone cross-arms are 2iin.><3% in.

For telephone drop lines. extending from line or cable to

the house, many companies use a rubber-covered and braided

copper, and occasionally iron, wire of N0. 14 or 16 13.8: S.

gauge. Usually this wire comes twisted in pairs. but occa

sionally two single wires are used.
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SILK-ANDCOTTON-COVEREDWEALEDCOPPERWIRE

(S.G.McMeenin“Telephony")

 

DiameterinMils

I

OhmsperCubicInch

  

 

 

 

 

 

U,I,
so_..ag...

-SingleDoubleS11eDoubleSingleDouble8'1e

“1BareCottonCotton511%SilkCottonCotton5111

2031.96137.86142.16134.26136.161.646.533.801 2128.46234.36238.66230.76232.662.981.7951.261 2225.34731.24735.54727.64729.5471.5021.1881.956 2322.57128.47132.77124.87126.7712.3591.7723.049 2420.10026.00030.30022.40124.3003.5822.5954.739 2517.90023.80028.10020.20022.1005.8313.8027.489 2615.94021.84026.14018.24020.1406.9415.5529.031

2714.19520.09524.39516.49518.39510.8148.07813.92 2812.64118.54122.84114.94116.84117.61711.5426.86 2911.25717.15721.45713.55715.45725.50016.4741.29 3010.02515.92520.22512.32514.22534.80023.4362.98 318.92814.82819.12811.22813.12848.532.8395.70 327.95013.85018.15010.25012.15073.846.19144.70
337.08012.98017.2809.38011.280104.564.30217.8 346.30412.20416.5048.50410.504151.470.38342.1 355.61411.51415.8417.9149.814202.0125.9489.0 365.00010.90015.2007.3009.200298.8166.3721.1

374.45310.35314.6536.7538.653418225.61062 383.9659.86514.1656.2658.165567305.51557 393.5319.43113.7315.8317.731811409.82266 403.1449.04413.3445.3447.3441113545.53400
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SILK-ANDCOTTON-COVEREDANNEALEDCOPPERWIRE

   

 

 

TurnsperLinearInchTurnsperSquareInch

SingleDoubleSiqgleDoubleSingleDoubleSiqgleDouble

CottonCotton5111:SilkCottonCotton8kaSilk

25.722.527.702622660.5506.3767.3687.5 28.324.530.972907800.9600.2959.1845.0 31.026.734.393211961.0712.91182.71,031.034.428.9738.1935531,183.0839.21,458.51,262.4 36.931.3542.3739141,321.6982.81,795.21,532.038.033.9247.0242941,444.01150.82,210.91,843.8 42.036.2952.0646811,764.01317.02,710.32,191.2 48.038.9557.6751592304.01517.23,32602,661.6
53.041.6163.3656432,809.01731.04,014.53,184556544.2770.1161563,192.31959.94,91553,789.8596646.9377.1466793559.22202.55,950.24,461.0641297884.6472394,112.22478.07,164.05,240.0686023492.7278194,69252739.58,597.56,114.0730555101016584175,333.53036110,3327085.0 779057.571121190446,068.53314212,5708,179.5826060.04119796906,773.33605.014,3289,389.5

871062.5113015103557,58653907.516,94010,72291876470140.60110208,440.04186119,77012,1459506680151.05116859,025.04462.222,82013,655 100.76880163.04122.5510,14054733.626,70015,018 106.07120177.65129.2011,23605069831,55916,692
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DIAMETERSOFWIRESOFVARIOUSMATERIALSTHATWILLBEFUSEDBYA

CURRENT0FGIVENSTRENGTH

(W.H.Preece,F.R.S.)

   

§DiametersinInches

34_

E

4;EEa11-c *a2Eag5E=5E:‘1

"-

...

>

..

'

g5”EE35;5§**.éi3
ogn.a.a

1.0021.0026.0033.0033.0035.0047.0072.0083.0081 2.0034.0041.0053.0053.0056.0074.0113.01320128 3.0044.0054.007.0069.0074.0097.0149.0173.01684.0053.0065.0084.0084.0089.0117.0181.021.0203 5.0062.0076.0098.009701040136.021..0243.0236 100098.012.0155.0154.0164.0216.0334.0386.0375 1501290158.0203.0202.0215.0283.0437.0506.0491 20.01560191.0246.0245.0261.0343.0529.0613.0595
25.0181.0222.0286028403030398.0614.0711.069

30.0205.02503230320342045.0694.0803.0779
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DIRECT-CURRENT DYNAMOS AND

MOTORS

A dynamo-electric machine is a device for converting

mechanical energy into electric energy, or vice versa. The

word dynamo is generally understood to mean a machine

for converting mechanical energy into electric energy, that

is, an electric generator; and the word motor means a machine

for converting electric energy into mechanical energy. The

essential parts of each are the same, namely: the armature

and the field magnet.

Dynamos are divided into two general classes, according

to the character of the current they deliver. A divert-current

dynamo delivers a current that always flows in one direction;

that is, the current never reverses, though it may change in

value or pulsate. Alternating-current dynamas, or alterna—

tors, deliver a current that periodically reverses its direction

of flow, the number of reversals per second depending on the

number of poles in the dynamo and on the speed of rotation.

A direct-current dynamo or motor armature usually con

sists of a series of conductors arranged on the surface of a

cylindrical iron core or in slots near the surface, the con

ductors, in most cases, being parallel with the axis of the

core. The core is mounted on a shaft that is supported by

bearings, so that the armature can be rotated near the pole

faces of a field magnet. This magnet is excited by one or

more field coils. Any even number of poles may be used,

according to the size and type of the machine.

The torque, or turning moment, necessary to cause a

dynamo armature to rotate and the torque produced by a

motor armature are of precisely the same nature. Each

depends on the strength of the magnetic field, the number

of conductors on the armature, and the current in the con

ductors. Torque is usually expressed in pounds-feet, that

is, the turning moment at the circumference of a circle with

a radius of 1 ft. The circumference = 21f ft., and the

torque T of a motor in pounds-feet is given by the formula

T_e_~P~_>o3_-Qu1=5-252 as
21rXR. P. M. R. P. M.
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Since horsepower (H. P.) = watts (W) +746.

' T: 5252 W = 7.04 Vii

746XR. P. M. R. P. M.‘

where W is the watts output, or the product of the watts

mput and the efficiency.

The movement of the conductors through the magnetic

field sets up in them E. M. F.'s, and if the conductors are

part of a complete circuit, current will flow through them.

End Bracket

 

 

 

 

 

 

  

Pic. 1. PARTS or A DYNAMO

1n the case of a dynamo armature, the flow of current is

caused by the E. M. F. set up in the conductors themselves,

while in a motor armature the E. M. F. set up in the con

ductors opposes the flow of current and limits it to just the

strength necessary to prOduce the required torque; henceI

the expression counter E. Ill. F. of a motor.

Fig. 1 shows the principal parts of a, modem dynamo or

mOtor, as follows:
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a, armature core; h, rear-end bearing;

b, bands on armature heads; i. rear-end journal;

c, commutator; j, front-end bearing;

d, shaft; k, front-end journal;

0, field coils on poles; 1, terminal block;

f, pole faces; m, bedplate

g, brushes;

The commutator of a dynamo or motor consists of a group

of copper bars or segments arranged side by side, so as to

form the outside of a cylinder. Sheets of mica insulate each

bar from its neighbors and from the iron shell and clamping

rings that hold the bars in place. The poles of the field

magnet are arranged alternately, so that no two adjacent

poles have the same polarity. The current in the armature

conductors reverses as the conductor passes from under a

pole of one polarity to one of opposite polarity, so that the

current in the conductors is alternating. The commutator

is mounted on the shaft near the armature and rotates with

it. The armature conductors are so connected to the com

mutator bars that the current gathered by the stationary

brushes rubbing on the surface of the commutator is direct.

"awn"? The brushes are usually

' blocks of carbon or graphite,

which are retained in brush

holders and pressed against

the surface of the commu

tator by springs.

FIELD MAGNETS

A field magnet consists of

a suitable frame that, in

conjunction with the iron

armature core, forms a mag

netic circuit for the field flux.

The path thus provided for

Fm” 2 the magnetic flux is wholly

Form-Pom: FIELD MAGNET through iron or steel, with

the exception of the air gaps between the face of the armature

core and pole faces. On each pole of the frame is a mag

netizing coil. Fig. 2 shows a four-pole field magnet.

Fl'I/d 704'!
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METHODS OF EXCITING FIELD MAGNETS

Direct-current dynamos and motors are classified accord~

ing to the method of field excitation as separately excited,

series~w0und, shunt-wound, and compoundavaund, all of which

are illustrated in Fig. 3.

Separately Excited Machines—In a separately excited

dynamo the current is supplied to the magnetizing coils

 
 

  

SHUNT WOUND COMPOUND Wouzm

FIG. 3. METHODS 09 FIELD Excrnnou

from an outside source, such as a storage battery or another

dynamo, an adjusting rheostat being included in the field

circuit. The coils can be wound for any current or voltage

desired, because the field winding has no connection with the

armature of the dynamo. A separately excited dynamo.
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with constant field excitation. will drop its voltage slightly

from no load to full load. because of armature resistance and

the demagnetizing effects of the amiature current on the

field. All direct-current motors may be called separately

excited. because they do not generate their own field current.

They are. however. series wound or shunt wound.

Series-Wound Machines—In a series-wound dynamo the

field winding is in series with the armature and the number

of ampereturns therefore varies with every change in the

current output. The field is wound with a. comparatively

small number of turns of coarse wire capable of carrying the

full current output. The voltage of a series-wound dynamo

is low at light loads and increases rapidly as the load

increases. until the field magnet approaches the saturation

point. Series dynamos are little used except for boosters

and for the operation of constant-current arc lamps.

A series motor varies in speed according to the current

flowing through its armature and field. that is. according to

its load; it will run fast and with little torque at light load

and slow with greatly increased torque at heavy load.

Shunt-Wound Machines.——1n a shunt-wound machine. a

small portion of the current is shunted through the field

winding made of a large number of turns of fine wire. The

exciting current varies from about 5% of the total current

in small machines to not over 1% in large ones; it depends

only on the E. M. F. at the terminals of the field winding

and on the resistance of the field. In a shunt dynamo,

owing both to increased drop in the armature and to de

creased excitation, the E. M. F. decreases considerably as

the load increases. The decrease of E. M. F. can be pre

vented to some extent by adjusting the field rheostat. If

supplied with constaf“ E. M. F.. as is usually the case, a

shunt motor runs at nearly a constant speed at all leads,

since the field then has constant excitation.

Compound-Wound Machines—In a compound-wound

machine, the field has two sets of windings—a shunt winding

and a series winding. The shunt winding may be connected

to the brushes (short shunt) or to the machine terminals

(long shunt).
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In a compound-wound dynamo, the shunt winding

provides the initial excitation sufficient to generate full

voltage at no load. This excitation is approximately con

stant. The series coils provide an excitation that increases

as the load increases and strengthens the field so as to pre

vent the falling off in voltage that would otherwise occur.

The series coils may be made sufficiently powerful to make

the voltage rise as the load increases, in which case the

machine is said to be over-compounded.

Compound dynasz are usually provided with a field

rheostat, to permit an initial adjustment of the voltage and

also to compensate for changes in the resistance of the shunt

winding due to heating. This rheostat, however, is not

intended for voltage-regulating purposes in the sense that

it is used with the shunt machine, because after the voltage

has been once adjusted, the strengthening of the field to

suit the various loads is accomplished automatically by

means of the series coils. The compound dynamo is the

type almost universally used for direct-current power and

lighting work.

Compound motors are used where the load varies con

siderably. where the extreme speed variations of series

motors would be objectionable, and where the sudden

increases in the load require increased torque that shunt

motors could not give.

RELATION BETWEEN ARMATURE AND FIELD

CONNECTIONS

Building Up a Dynamo Field—Any iron after being mag

netized retains a certain amount of residual magnetism.

Owing to the residual magnetism in a dynamo, a small

E. M. F. is generated in the armature winding, when the

armature is rotated, even if the field circuit is open. When

a dynamo is started and the shunt field circuit closed, the

small E. M. F. generated in the armature by the residual

magnetism sends a small current through the magnetizing

coils, producing a small magnetizing force. If this magnet

izing force tends to send lines of force through the magnetic

circuit in the same direction as the residual magnetism, there
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will be a further increase of E. M. F. and field current, this

action continuing until the magnetism in the field magnet

approaches saturation, when the increase in the E. M. F.

becomes slower and slower and ceases when the E. M. F. is

just sufiicient to send the required exciting current through

the field coils. The field of a shunt dynamo will build up

more slowly with the external circuit closed than if it is open,

and, in fact, will not build up at all if the external resistance

is very low.

A series-wound machine, on the contrary. must have its

external circuit closed in order that any current may flow

through the magnetizing coils, and the lower the resistance

of the external circuit, the more quickly will the machine

build up. A compound-wound dynamo may be started

with its external circuit either open or closed, since it has

both series- and shunt-wound coils. Usually, however,

such machines are started and brought to their full E. M. F.

with the external circuit open.

Failure of Dynamo Field to Build Up.—If the minute field

current due to residual magnetism does not excite the field

in the direction of the residual magnetism, the field will not

build up. The disagreement, caused by wrong field con

nections, may be ascertained by connecting a voltmeter

across the brushes and noting the reading, first with the field

circuit open and then with the field circuit closed. The

first reading gives the voltage due to residual magnetism

and may be only a volt or two. If the second reading shows

decreased voltage, the connections are wrong; if stationary

or slightly increased voltage, the failure to generate is due

to some other cause than faulty connections. Dirty brushes

or commutator, a 100se connection anywhere in the shunt

field circuit or field rheostat, or a loss of residual magnetism

from any cause will sometimes prevent a machine from

picking up.

Reversal of Residual Magnetism.—A backward flow of

cunent through the field coils or the demagnetizing action

of a heavy short-circuited current through the armature may

reverse the residual magnetism of the fields. Reversed

residual magnetism causes reversed polarity of the dynamo



DYNAMOS AND MOTORS - 165

brushes. thus reversing the direction of the field current and

making it agree with the new direction of the residual mag

netism; that is, the field will build up, but the polarity of the

dynamo will be reversed. The residual magnetism can be

again reversed so that the dynamo will have the same

polarity as before by sending a current from another dynamo

or a battery through the field in the proper direction.

DIRECTION OF ROTATION

If, when facing the commutator end of the armature of a

dynamo or a motor, the rotation is in the direction of the

  

Slit/Hf file/d

7Z7 L/fld'

Fro. 4

hands of a deck, it is said to be clockwise, while the reverse

direction is called counter-clockwise. If it is desired to

reverse the direction of rotation of a dynamo, the connec

tions between field and armature must be changed so that

“the current will flow through the field as before, otherwise

the machine will not pick up. Fig. 4 shows the connections

of a shunt~wound machine for clockwise rotation; Fig. 5

shows the same machine arranged for counter-clockwise

rotation, with reversed polarity of the line wires', and Fig. 6

shows the connections for counter-clockwise rotation,

retaining the same polarity of line wires as in Fig. 4. In each



 

To Lina

  

FIG. 6
 

Fit/d

R/lm

' hwe

fol/he

 

  

   

FIG. 7 166



DYNAMOS AND MOTORS 167

case. the direction of the current through the field coil

remains unchanged. so that there is no disagreement between

   

[qua/fur

  

FIG. 8

the direction of the field magnetism and that of the residual

magnetism. By reversing the residual magnetism, the con

 

F/a/d
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FIG. 9

nections could remain as in Fig. 4 and the rotation be

reversed without reversing the polarity of the line wires.
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Fig. 7 shows the connections of a compound-wound

machine arranged for clockwise rotation. Figs. 8 and 9 show

changes necessary for counter-clockwise rotation—Fig. 8 by

   

Srl'fcfibadrd

7'0 Lint

  

Fro. 10

changing the field connections and Fig. 9 by interchanging

the brush leads. The direction of the current through both

series and shunt fields remains the same in all three methods,

   

FIG. 11

and in each case the equalizer and the series field are con

nected to the same brush. The shunt field in each case is

connected outside the series field, that is, long shunt. By
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changing the shunt~field connection from a to b in each case,

the connections would be made short shunt; it makes little

diflerence in the operation of the machine which method

is used.

Fig. 10 shows the connections of a multipolar compound

wound dynamo for clockwise rotation. By reversing the

brushes on the studs, as shown in Fig. 11, and shifting them

until they are on the neutral points. the dynamo can be run

counter-clockwise without changing the field connections

or the line polan'ty.
 

DIRECT-CURRENT ARMATURE WINDINGS

 

TYPES AND CLASSES

Direct-current armature: are (1) of the constant-potential

or the constant-current type, according to the kind of energy

they deliver; (2) of

the ring type or the

drum type, according

to the arrangement

of the coils on the

core: and (3) of the

open-cailortheclosed

coil type, according

to the connections of

the coils to the com

mutator.

Ring-Wound Open

Coil Armature.—

Fig. 12 shows a ring

wound, open—coil,

or open-circuit. type

 

  

_ . . . FIG. 12
ammmre' ‘t ‘5 rmg RING-WOUND, OPEN-COIL ARIATURB

wound because the ~

coils are wound around the rim of a ring-shaped iron

core, and is open-coil type because the coils, as a whole;

do not form a closed circuit, but each coil is in circuit only

when the commutator bars a. a’ or b.b’ to which it is
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connected are in contact with the brushes 1 , 2. For example,

at the instant shown, the coil connected to bars a, a’ is

  

FIG. 13. RING-WOUND, CLOSED-COIL

ARMATURE

open-circuited.

R i n g -W o u n d,

Closed-Coil A r m a -

hue—Fig. 13 shows

a ring-wound, closed

coil, or closed-circuit,

winding. The coils

as a whole, together

with the commutator

segments to which

they are connected,

form a closed circuit

upon themselves,and

each coil is in circuit

all the time.

Drum- Wound, Open-Coil Armature.—A drum-wound,

open-coil armature for a bipolar machine is suggested by the

single coil in Fig. 14. On a multinlar machine, the coils,

  

F10. 14. DRUM-WOUND, OPEN-COIL ARMATURB

instead of passing completely around the armature core, span

a chord. The core may be solid to the shaft, as shown, or
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may be in the form of a cylindrical ring. but the coils do

not pass through the interior of the ring.

Drum Armature Partly Wound.—Fig. 15 shows a. partly

wound, closed-circuit, drum-type iron-clad, or slot-wound.

armature, the type and style of winding in most general

use for direct-current machines. When the armature is

complete, all the slots are full and the coils are held in place

by bands over the core or the ends of the coils near the core.

or by wooden or fiber wedges in the tops of the slots. The

  

FIG. 15. DRUM ARMATURE PARTLY WOUND

coil leads are then soldered into the necks of the commu~

tator bars and the projecting ends are cut 05.

ARMATURE COILS

An armature coil may be defined as that portion of the

winding passed over in tracing a path from one commutator

segment to the next one in the circuit. Those portions of

an armature coil in the slots on the face of the core where

they pass under the pole faces are the face, or active, con

ductors. An armature coil may consist of one or several turns.

A ring winding has one active conductor per turn, while

a drum winding has two. In Fig. 12. two coils are shown,

each in two equal sections, with four turns and four face

conductors in each section. Fig. 14 shows one single-turn

coil with two face conductors.
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Pitch, or Spread, of Coils.—Fig. 16 shows a single drum‘

wound coil in a multipolar field. The sides of the coil 0

and 17 should be separated by about the same angle a as the

angle d between centers oi adjacent poles. Angle z: is often

referred to as the angular pitch, or spread, of the coils, or

the winding pitch, and angle :1 as the angular pitch of the

poles. The spread of the coils may differ a little from

the angular pole pitch without affecting the action of the

machine, but if the difl'erence is large there is liable to be

sparking at the

brushes.

Shape of Coils.—

Fig. 17 shOWS two

common styles of

form-wound armature

coils. In each, aa and

bb, the sides of the

coils that lie in the

slots, constitute the

a c ti v e conductors;

d, e are the end con

nections; and t, t the

terminals, or leads,

for connection to the

commutator. The

end connection dce

across the front, or

lead, end of the coils

indicates that each coil has more than one turn, for coils

with one turn, or loop, have no front end connection.

Fig. 15 shows an armature core with a few of the coils in

place. Each coil is so formed, as shown by the turn at r,

Fig. 17, that when in place on the core, one side aa lies in

the bottom half of a slot, and the other bb lies in the top

nalf of another slot. The coils lie in the slots in two layers

and constitute a two-laye1 winding; they are arranged in this

way so as to allow of a symmetrical arrangement of all of

the coil; and so that the end connections may cross each

other without interfering.

  

FIG. 16



DYNAMOS AND MOTORS 173

  

FIG. 17. ARMATURE Cons

PARALLEL WINDINGS

Single-Parallel Windings.—Fig. 18 illustrates the simplest

method of connecting armature coil leads to the commu

tator. namelY. by Connecting the two leads of each coil to

adjacent commutator bars, thus forming a paralleb, or

multiple, or lap-wound armature. In this figure. the coils

are not shown, but are represented by the loops with ends

connected to commutator bars AB, BC, CD, etc. To each

bar is connected two leads; hence, for all closed-coil windings,

there are as many bars as there are coils.

Commutation.—For convenience, in Fig. 18, the brushes

are represented as rubbing on the inside of the commutator.

In a. dynamo, a current I enters by the negative terminal

and passes by way of the negative bus-ring 1 to the negative

brushes a, e, c, of which there are as many as there are

pairs of poles——three in the winding shown. It the wind

ings are symmetrical and the machine has p poles, each
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P
negative brush will receive I +-2_ amperes, which will divide

so that 1+? amperes flows each way through the armature

winding toward the next adjacent positive brush. The

brushes must be so placed that the bars to which any coil

is connected are in contact with a brush at the time the

current in the coil reverses. For example, when coil OP

  

Fro. 18. SINGLE-PARALLEL ARMATURE Cormacnous

was in the position PQ, I +1: amperes was flowing from

O to P; at the instant shown, only a short-circuit current

flows in coil OPI but as soon as the coil moves to the right so

that bar 0 leaves the brush 0, 1+1: amperes will flow from

P to O. The E. M. F. generated by a coil reverses as the

coil passes from under one pole to the pole of opposite
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polarity, and the current in the coil should reverse at same

time. The space between the poles where no lines of force

pass into the armature is called the neutral region, and the

brushes should be so placed that the current in the coils

is reversed, or commutated, while the coils are in the new

tral region. After the current has passed from the nega

tive brushes through the winding, it is collected by the

positive brushes b, d, f and passes by way of the positive

barring r out at the positive terminal of the machine.

Fig. 18 shows what is properly called a single-parallel

winding, because, starting at any point, say at bar A, and

following the circuit through the various coils, AB, BC,

CD, etc. in succession, all the coils are traced in one circuit

before returning to bar A. There are as many paths for

current as there are poles p; hence, there must be as many

brushes as there are poles, or else some of the paths will not

be supplied with current and the armature will be electrically

unbalanced. This type of winding is much used for low

potential machines, or those with large current output.

The numerous paths make the resistance low and the current

capacity large. There may be any number N of coils on

. V

such an armature and each W111 generate E+1; volts, where

E is the total voltage of the machine and 1%, is the number of

coils per pole or per path.

Double-Parallel Windings.—There is also in some use the

double-parallel winding, in which the coil terminals, instead

of being connected to adjacent segments AB, BC, CD, etc.,

are connected to alternate segments; that is, in the winding

shown in Fig. 18, one group, or series, of coils would be

connected to segments AC, CE, EG, GI, etc., and the

other series to segments BD, DF, FH, etc. When this

winding is used, each brush must be thick enough to touch

at least two segments at all times, otherwise the proper

division of current between the two windings would not be

maintained.
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SERIES WINDING

Single-Series Windings.-—In the series type of winding,

sometimes called wave winding. the coils are connected

to segments removed from one another by approximately

the angle of two poles. Fig. 19 represents a single-series

winding for a six-pole machine. The connections of the

thiny»two armature coils are represented by the curved
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Flo. 19. Smcuz-Samzs ARMATURB Couusc'nous

lines inside the commutator. For any number of poles

there are two paths, or circuits. by which the current can

pass from a negative brush a to a positive brush b. These

paths can be traced by giving the numbers of the bars

successively Passed, a coil being included between each
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two bars designated, as follows: (1) Brush a-bars 2.9—

18—7—28-17—6—27—16—6—26—15-4—brush b; ('2) brush a—bars 30—

9—20—31—10—21~62—11—22—1—12—23—2—13—24—8—bru5h b. In

tracing these circuits, the armature is encircled once for

each g coils; for example, from bar 30 to bar 9 is one coil,

from bar 9 to bar 20 another, and from bar 20 to bar 31 a

third, and in this case, 23=3.

In Fig. 19, only two brushes are shown in full lines—one

positive and one negative—while at the other neutral points

they are shown dotted. The series of coils from segment 29

to 8, 8 to 19, 19 to 30 has segments 29 and 30 under brush a.

segment 8 under brush c, and segment 19 under brush a.

Likewise, the series of coils 4 to 25, 25 to 14, 14 to 3 has

segments 4 and 3 under brush b, segment 26 under

brush f, and segment 14 under brush d. If the current

is not too large, two brushes 0 and b can collect it; but

brushes are generally used in each neutral region.

Winding Requirements—On a single-series armature. the

number of coils and commutator bars must always be such

that a series of g coils connected to bars equidistant from

each other will encircle the armature and terminate in a bar

adjacent to the one from which the series started; that is,

N=g><ytl

in which N is the number of commutator bars, or coils;

p. the number of poles; and y a number called the pitch of

the connections, or the connecting pitch, it being the number

of bars passed over between the terminals of a coil. In

the machine shown in Fig. 19, N=32 and p=6; hence,

32=3 31*1, from which equation, 3 y=31 or 33 and y=10§.

or 11. Since y must be a whole number, the connecting

pitch must be 11; that is, one terminal of a coil is connected

to bar I and the other to bar 12. the terminals of another

coil to bars 12 and 23, another to bars 23 and 2, etc., the

difference between the two numbers being 11 in each case.
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Double-Series Winding.—In a double-series winding. the

connecting pitch is determined by the lormula

N =22 X y*2

For example, if N=32 and p=6, then'3 y=30 or 34 and

y=10; one series of coils will be connected to bars 1—11—21—

81—9, etc., and the other to bars 2—12—22—82—10, etc. The

brushes must be thick enough so that at least one brush of

each sign will touch a segment of each winding, in order that

the current in each series of coils may not be broken.

Double windings, either series or parallel, are not common.

Machines having such windings very frequently commutate

poorly, the sparking being severe and the commutator soon

becoming rough and blackened.

Triple windings are very rarely used. The terminals of

triple-parallel windings are connected to every third seg

ment, and those of triple-series windings to segments sepa

rated from each other

by the pitch y deter

mined by the formula

N=g><ya=3

DIAGRAMS

OF ARMATURE

WINDINGS

Ring windings are

not much used in

modern machines,

except for some types

,1 of generators produ
V5 cing high voltages, or

“ i i very large currents,

F‘G'zo' RING'WOUND or constant current.

Fig. 20 shows a ring-wound armature in a four-pole field

magnet. The winding is represented as continuous, every

second turn being connected to a commutator bar, thus

making two turns per coil. The bus-rings are not shown; the

two pesitive brushes are connected with the positive ring and
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the negative brushes with the negative ring, While the rings are

connected with the external circuit. The arrowheads indicate

the direction of the flow of current; one coil in each neutral

region carries no current. except, perhaps, a short-circuit

current. This type of armature can be used in a field

frame having any number of poles, provided there is a brush

in each neutral space. The E. M. F. between any two coils

is never more than that generated in one coil, so that the

insulation on the coils need not be heavy.
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FIG. 21

Drum windings are usually represented by diagrams as in

Fig. 21. Short radial lines represent face conductors, or the

portion of the conductor lying in the slots on the cylindrical

surface of the core. Inside the face conductors are shown

the front—end connections and leads to the commutator.

and outside the face conductors the rear-end connections.
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For convenience, the brushes are shown rubbing on the

inside of the commutator instead of on the outer surface

where they belong. Nearly all direct-current generators

of more than 50 K. W. output have only one turn per coil,

and rectangular bars are generally used instead of round wire.

PARALLEL WINDINGS

Fig. 22 (a) shows a complete diagram of a four-pole,

single-parallel drum winding with seventeen coils, seventeen

commutator segments, and thirty-four slots; (b) shows a

cross-section of a slot and a sketch of a wire-wound coil,

and (c) the same for a bar-wound coil. The current returns

from the outside circuit and enters the armature winding

through brushes A, A’ and segments a, b, and 0. To a is

connected one lead, or terminal, of coil 1—10, the other end

of which is connected to segment b. The sides of the coil

are midway between the poles, or in the neutral region,

while the bars to which its terminals are connected are

short-circuited by the brush A. The four paths through

the other coils, from negative to positive, may be traced as

follows:

A, b-3—12, 6—5—14, d—7—16', 8—9—18, f—B'

A, a—8—83, y—G—Sl, x—4—29, 0—9—27', t—B +

A', 0—19—28, p—21—30, 1—23—82, 5—26—84, t—B

A', 0—26—17, k—24-15, h—Zg—IS, g—ZO—II, f—B'

In Fig. 22 the commutator end connections, for example,

the cross-connection shown from 1 to 10 inside the face con

ductors, indicate that the coils have more than one turn

each, for with only one turn per coil, the coil would appear

as an open loop. It is not necessary to show the front-end

connections in order to trace a. diagram, and since they make

the diagram confusing they are usually omitted. The main

point to consider is the manner of connecting the coil ends

to the commutator.

The position the brushes occupy on the commutator with

regard to the pole pieces depends on the way in which the

terminals of the coils are connected. In Fig. 22, the leads

for connection to the commutator are of nearly equal length,

so that when the face conductors of a coil are in the neutral
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regions. the bars to which the leads are connected, and on

which the brushes should rest. are nearly opposite the center

of the coil and the center of a pole. For example, leads [—0

and IO—b are of about equal length. and each is brought

around toward the center of the coil. that is. given a throw.

or lead. of about one-half a coil pitch or one-eighth of a

circumference. If each coil had one short lead coming

straight out to a commutator segment. that is. with no

throw. and one long lead having a throw equal to the coil

pitch or. on a four-pole machine. one-fourth a circumference.

the neutral spaces on the commutator would be opposite

the spaces between the poles. For example, if lead I-a

came straight down to a commutator bar and lead 104:

was brought over to the next adjacent bar. and all other

coils connected accordingly, the brushes should be opposite

the interpolar spaces. This is done on some kinds of rail

way motors. but with most generators the neutral position

of the brushes at no load is nearly opposite the center of

the pole pieces.

In Fig. 22, the leads of a coil do not cross each other on

the way from the slots to the commutator bars, but if face

conductor 1 were connected to b, 10 to a. 8 to c. 12 to b. etc.,

that is. if the connections of the leads of each coil were

interchanged. the winding would still be single parallel;

the coils would terminate in adjacent segments, and the

E. M. F. generated in each coil would be the same in direc

tion and amount as before the change. However, the

E. M. F. of the completed armature would be reversed and

the brushes A and A’ would become positive brushes, while

B and B' would become negative brushes. Each lead would

have to be a little longer than before, thus requiring a little

more copper. ‘

At each end of any drum-wound armature, part of the\

connections extend to the right and part to the left. In}

order to permit this crossing without the leads interferi

with each other. two-layer windings are generally used;

that is. each slot contains one side of each of two coils. so

that all the leads swinging one way issue from the bottom:

of slots and all the leads swinging the other way. from th1
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tops of slots. Fig. 23 (a) shows a two-layer winding of one

turn per coil having the same number of coils and commu

tator bars as that shown in Fig. 22, but with only seventeen

slots instead of thirty~four, making one coil (two half-coils)

per slot. The four paths from negative to positive brushes

may be traced precisely the same as for Fig. 22. Fig. 23 (b)

shows how the sides of the coils lie in the slots.

SERIES WINDINGS

A diagram of a single-series winding of the singleelayer

type is shown in Fig. 24. This winding is exactly like that

of Fig. 22, except in regard to the connections to the commu

tator. In the winding shown in Fig. 22, each coil forms

nearly a closed loop, its two terminals being connected to

adjacent bars as at (c); in Fig. 24 (c), the coils appear as open

loops and the winding progresses in a series of zigzag lines,

or waves. The winding shown in Fig. 22, therefore, is some

times called a lap winding and that shown in Fig. 24, a wave

winding; but the terms parallel and series are preferred,

since they are applicable to both ring- and drum-type wind—

ings, while the terms lap and wave are applicable only to

the drum type.

When only one pair of brushes is used, the two paths

through the winding, Fig. 24, are as follows:

A, 0—1—10, 0—19—28, b-8—12, p—21—80,

6—5—14, 1—23—32, d—7—16', s—25-84, e—B

A, a—26—17, k—8—33, y—24—15, h—6—31,

‘ x—22—18, g—4—29, '12—20—11 , f—B

If the second pair of brushes, 'shown by dotted lines, were

also in use, the foregoing circuits would be somewhat modi

fied.

At the instant shown, there are eight coils in one path

and seven in the other, there being a series of g coils e—9—l8

and i—W—B—f short-circuited by the brush B. Since there

are seven coils in one path and eight in the other, it would

appear that the winding is not symmetrical and that one

path would take more current than the other; but when

the armature turns through a small fraction of a revolution,
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the path that now has eight coils will then have seven and

that with seven will then have eight, so that during a com

plete revolution. the two paths will have the same average

number of coils even though they may not be alike at a

given instant. Since there are trom twenty to fifty, or more,

coils per path in most machines, the differences caused

bv having one coil more or less in a path is insignificant.

In Fig. 22 each path has only four coils in series; but in

Fig. 24, with the same total number of coils, each path has

eight coils in series; hence, with the same number of turns

per coil and the same speed and field strength, the series

winding will generate twice, or 5 times, the E. M. F. of the

parallel winding. Since the series winding has two paths

and the parallel four, or; times as many, the series winding

2 . .
has only — times as much current capacity as the parallel

winding. If the watts W=E I for the parallel'wound arma

ture, for the series armature W=§EX§I=ER that is,

the output in watts is the same for both windings.

When the number of commutator bars N=17 and p=4,

the connecting pitch as determined by the formula

N=§><y*1 could be either 9 or s. Fig. 24 shows a con

necting pitch of 9, that is, the terminals of coil 1—10 are 9

segments removed from each other.

Fig. 25 shows a. two-layer winding with a connecting

pitch of 8. Figs. 24 and 25 are electrically the same, except

that in Fig. 24 a series of g coils spans a circumference plus

1 segment on the commutator, while in Fig. 25 the series

lacks 1 segment of spanning a circumference. The efi'ect of

this is the same as though the terminals of each coil were

reversed; the direction of the current in the face conductors

is not changed, but the polarity of the machine terminals

is reversed.

Front and Back Pitches.——In Fig. 25, conductor 1 on the

armature is connected across the back of the armature t0
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conductor 10, making the back pitch on the armature 9

Conductor 10 is connected to conductor 17’ across the front

of the armature by way of commutator bar 12. The front

pitch is therefore 7. and. the average armature pitch is

%Z=8, which is equal to the pitch on the commutator,

since the commutator pitch must always be equal to the

average armature pitch. In Fig. 24, both front and back

pitches are 9, hence the average pitch is also 9. The terms

front pitch and back pitch are seldom used.

Equalizer Rings—Many different windings have been

proposed and used successfully, but the majority of direct~

current armatures are wound with either the single-parallel

ring winding, the single-parallel drum winding, or the single

series drum winding. The single-parallel drum winding is

probably more used than any other, and, on large multipolar

machines, any unbalanced condition in the magnetic circuits

is likely to cause the current to divide unequally among the

several paths through the armature. For example, if the air

gap on one side of the armature becomes slightly shorter than

that on the opposite side, which may easily occur due to

wear of the bearings. the flux in the short air gap will become

unduly dense. thus causing the generation of higher E. M. F.

in the armature conductors on that side than in those on

the other side, and the path that develops the highest

E. M. F. takes the greatest share of the current. In some

cases this unbalanced condition may not be bad enough to

cause trouble other than some slight sparking, but in extreme

cases, the E. M. F. of one path or of the paths on one side of

the armature may become so excessive as to reverse the

current in some of the other paths, making part of the

armature act as a generator and part of it as a motor at

the same time. This condition is usually accompanied by

severe vibration of the whole machine, due to excessive

mechanical strains, with more or less violent sparking or

flashing at the brushes, and the machine is said to be bucking.

On account of the efiects of armature reactions, bucking is

somewhat more liable to occur in motors than in generators.

The bad efi'ects due to unbalancing can be eliminated by
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providing the armature with equahzer rings, as shown at

E, E, Fig. 26. By means of leads 5, 5, these rings connect

points of equal potential in the winding and allow an equali

zation of current between the various paths in the armature.

  

FIG. 26. PARALLEL-WOUND ARMATURE WITH EQUALIZBR

mos

Appearance of Complete Series- and Parallel-Wound Anna

ture.—~Whether a completed armature is parallel- or series

connected can usually be told by noting the direction taken

by the front- and rear-end connections of the face conductors.

If both end connections of a conductor swing the same way.   
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right or left. the armature is parallel-connected; but if the

connections on the two ends swing in opposite directions,

the armature is series-connected. For example, in Figs. 22

and 23 both the front- and the rear-end connections of face

conductor 1 swing to the right, thus showing parallel con

nection; but in Figs..24 and 25 the rear-end connection of

face conductor I swings to the right and the front—end con

nection to the left, thus showing series-connection.

Winding Pitch—The number of slots spanned by the sides

of a coil, or the winding pitch, is usually the whole number

nearest to. or next smaller than, the quotient of the number of

slots in the armature divided by the number of poles. Thus,

with seventeen slots and four poles, the quotient is 4} and

the nearest whole number is 4; this is the winding pitch used

in Figs. 23 and 25, one side of a coil being in the top of a

slot and the other in the bottom of the fifth slot away.

RAILWAY-MOTOR ARMATURE WINDINGS

Street-railway motors are almost invariably four-pole type

with series, or two-circuit, armatures. Among the advan

tages of the series winding for this work are the absence of

any unbalancing due to unequal air gaps or other causes,

and the necessity for only two brushes. Most railway

motor commutators are accessible from only one side—top

or bottom—and if four brushes were used, two of them

would be hard to reach.

Fig. 27 illustrates some of the features to which it will be

necessary to refer in describing railway-motor armature

windings. The diagram is for an armature with 99 slots

and 99 coils and. commutator bars, or 1 coil per slot.

Only a few of the slots and bars are represented. Some

motors are installed so that lines connecting opposite

pole centers will be horizontal and vertical, as mn and op,

and others so that the pole centers are on diagonal lines,

as m' n’ and 0’ p'. If the opening in the frame for making

inspections is directly over the commutator, the brushes

must rest on' top, as indicated at x, y; if the center of the

opening is 45° to the right of the vertical, the brushes must

be in the position suggested by x’ y'.
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On {om-pole railway motors, the pitch of the coils, or the

winding pitch, is usually a little less than one-fourth the

 

  

  

FIG. 27

number of slots. In

Fig. 27. this pitch is

twenty-{011: sl 0 t s;

that is, one side of a

coil lies in slot 1 and

the other in slot 26,

etc. The pitch of the

leads, or the connecip

ing pitch, as deter<

mined by the formula

=- g Xy=¢= 1. could

be 49 or 50. In this

case. 49 is used, lead

a connecting to bar I

and lead 17 to bar 60.

The connections c, d

of another coil, with

one side in slot 25

and the other in

slot 49, are also

shown to bars 25

and 74.

The throw of the

leads inust be such

that the brushes will

rest on bars con

nected to face con

ductors in the neutral

region. Forexample,

with poles and

brushes placed as in

Fig. 27 (a), one lead

a of each coil has

no throw, but comes

item the slot straight out to a commutator bar; the other

lead 17 has a throw sufiScient to giVe the correct pitch of the
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leads, or in this case, twenty-five bars (bar 25 to bar 60).

With poles diagonal as in Fig. 27 (b) and brushes as at x, 3!,

each lead of a coil has a throw away from the coil of about

one-fourth the total pitch of the leads; in this case, lead a'

has a throw of thirteen bars to the left (14—1), and lead 17’,

of twelve bars to the right (60—88). If the brushes were at

positions x’, y', lead a’ would have no throw and lead 13' a

throw of twenty-five bars to the right. The expressions

right and left used in this connection are assumed to mean

when facing the commutator end of the armature.

 

ARMATURE—WINDING DATA

In both of the following tables, the winding pitch is given

by the figures indicating the slots in which the sides of a

WESTINGHOUSE DIRECT-CURRENT

RAILWAY MOTORS
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Z 3 o \- fi "' v c: 2 3'0

.. fie .é’s 3‘5 5 '32 (3,; g g
§ =2 8 g; E Em =2 m o g“
2 z o g 6~H 'g a Q
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95 1 95 1—25 1—49 12

12A 47 2 93* 1-12 1—48 13

49 59 2 117* 1—14 1—60 17

68 and 68C 55 2 109* 1—14 1-56 15

56 and 81 39 3 117 1—10 1—60 l6

38 and 38B 45 3 135 1—11 1—69 l9

50L 55 3 105 1—1'3 1—84 24

101 37 3 111 1—10 1-56 14

69 35 3 105 l-lO 1—54 13

76 39 3 117 1—10 1—60 16

85 39 3 117 1—10 1—60 16

89 45 3 135 1—11 1—69 19

92A 41 3 123 1—10 1—62 17

93A 45 3 135 1—1 1 1~69 19

112 45 5 225 1—11 1—113 31

     

 

*Armature has one idle coil.
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GENERAL ELECTRIC AND MISCELLANEOUS DIRECT

CURRENT RAILWAY MOTORS

 

 

 

 

Armature Data

4.:

- 1 ~43 3
Motor 3 i 8 2*; fig 23 "£5"J

an m,_, pm .

BE ~33 3;: .3 33-1-33
EU) E m réc: mo

s Q, :16 0... 'Up P

z 29 <3
O .3

" 300 l 105 1 105 1-27 1-53 26

1200 103 1 105 1-27 1-53 26

50 105 1 105 1-27 1-53 26

1000 93 1 93 1-24 1-47 12

51A 37 3 111 1-10 1-56 14
52 29 3 37 1- 3 1-44 11

c; 53 37 '3 111 1-10 1—56 0
0 33 3 99 1- 9 1-50 0

,9 54 29 4 115* 1-3 1-53 14

1; 55 47 3 141 1-12 1-71 13

3, 57 37 3 111 1-10 1—56 14

a 33 3 99 1- 9 1-50 1253 33 3 99 1— 9 1-50 12

'3 60 37 3 111 1-10 1-56 14

‘3 61 41 3 123 1-11 1-62 15

g 65 55 3 165 1-14 1—33 13

(J 66 39 5 195 1-10 1-93 16
67 37 3 111 1-10 1-56 14

70 37 3 111 1-10 1—56 15

73 39 3 117 1-10 1-59 11

74 39 3 117 1-10 1-59 15

q 1 30 37 3 111 1-10 1-56 15\tPC

Motor Co_{ 0 and (:3 99 1 99 1-26 1-50 0

Lorain 22 and 23 29 3 37 1- 3 1-44 11

SteelCo 20 and 34 33 3 99 1- 9 1-50 12

_ ~ 13 37 3 111 1-10 1—56 14

Chris AAl 29 3 37 1- 3 1—45 3

tensen B2 and C3 47 2 93* 1-12 1—48 3

 

 

 

   

  

 

*Armature has one idle coil.



DYNAMOS AND MOTORS 191

coil lie, the connecting pitch by giving the bars to which

the leads of a. coil are connected, and the throw of leads by

giving the number of bars between the bar directly opposite

the slot from which the first lead to be connected issues and

the bar to which the lead should connect. For example.

in the G. E. 800 armature, the coils lie in slots 1—27, that is.

the winding pitch is 26', the leads connect to bars l~53,

making the connecting pitch 52; and the throw of the first

lead. or of all leads from corresponding sides of coils is 26.

TESTS FOR LOCATING FAULTS

 

FAULTS IN FIELD CIRCUITS

Open-Circuited Field Coil.—To find an open-circuited field

coil, connect a source of E. M. F. across the terminals of the

field circuit, as a, e, Fig. 28, and apply the leads of a volt

meter V successively to the field-coil terminals ab, b0, etc.

No deflection of the voltmeter needle will occur until the

leads are applied to

the terminals of the V

defective coil, and ,3 /.r

t h e n th e deflection

will show the voltage 1

between a and 2. Or,

instead. one lead of

the voltmeter can be 6

left connected to one / d

side of the circuit as f’

at a and the other :

touched to successive I _|

coil terminals 17, 0, etc. i ’1‘€,1
No deflection will be I

obtained until the

defect is bridged. and FIG' 28

then the voltmeter will show the lull voltage between a and e.

Short-Circuited Field ColL—To find a shofl-nrcuiled field

coil, proceed as just described, but limit the current through

   

 ii

a 
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I

the field circuit to a safe amount. The drop across the

defective field coil, as shown by the voltmeter,w-ill be much

less than that across any other coil.

Fig. 29 shows a transformer convenient for quickly indi—

cating short circuits in coils of any kind that can be placed

over its laminated iron core. The size of core depends on

the kind of coils to be tested; that shown has a cross-section

3 in.X4 in.. and is intended for testing railway~motor field

coils. The upper part of the core is in the form of a hinged

yoke, which can be thrown back so that the coil to be tested

may be slipped over the outer leg. The hinged yoke is then

replaced and alternating current is sent through the fixed

primary coilI

zaflidie for making an alter

a/5/r7 ' . .Yoke q Mflged'ya“ natmg magnetic

  

flux thread the

coil under test, as

indicated by the

dotted lines. A

considerable

E. M. F. is there

by induced in the

field coil, and a.

h e a v y l o c a l

c u 1' re n t flows

F 29 through any

FIELD-COIL Teshcihc TRANSFORMER Short-clmulted

turns, soon burn

ing them out. If an ammeter is connected in the primary

circuit, a short circuit in the secondary (coil under test)

will be indicated by a current much larger than normal in

the primary. The winding used for the primary depends

on the voltage and frequency of the alternating-current

supply. For current at 104 volts and 60 to 125 cycles,

seventy-five turns of No. 5 or No. 6 B. & 5. wire will

answer; the larger the wire the betterl especially if the trans

former is to be used for burning out defects.

In the method shown in Fig. 30, a telephone receiver is

connected in series with two symmetrically placed coils a, b.

F '_

CO/l
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Very little sound will be heard when the flux through the

two coils ab is the same; but if a short-circuited coil is being

tested, the fluxes through the coils a, b will not be equal and

a. noise can be heard in the receiver. I

Grounded Field Coil.—A grounded field coil can be found by

applying an E. M. F. to the machine terminals, connecting

one lead of a voltmeter to the frame. and touching the other

lead successively to exposed parts of the field circuit. The

nearer the ground the exploring lead is touched. the less will

be the deflection.

Volnneter Method of Measuring Insulation Resistance.

If the ground is only partial, the insulation resistance can

be measured, provided the resistance of the voltmeter is

  
yaqfrzfl'z/hy Coil

07/7 under

fest

(Lam/nan

/r0/1 Care

  

 

FIG. 30. FIELD-COIL Tnsrmo Wm! TELEPHONE

RECEIVER

known. The deflection of a voltmeter is inversely propor~

tional to the resistance in its circuit. If E is the deflection

measured directly across the circuit, 15' the deflection meas

ured through the insulation resistance, r the resistance of

the voltmeter, and R the resistance of the insulation, then

E' r

E R+r

' E
or, R = 4?, — 1)

As 15' and E are in volts and r in ohms. R will be in ohms.
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FAULTS 1N ARMATURES

In winding an armature, it is advisable to test the winding

for grounds and short circuits before the coils are connected

to the commutator; any defective coils can then be replaced.

The armature can be given an insulation—breakdown test by

joining all the free ends of the coils together by means or a

b 
 

 
 

 
 

         

 

 

 

   

Armafare Core

Fro. 31. ARMATURE-COIL Tssrmo Tromsronnsn

small wire and then connecting the series of coils to one ter

minal of a high-pressure transformer. The other terminal

of the transformer is connected to the shaft. The alter

nating-current pressure to be applied for breakdown tests
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INSULATIONTESTS

  

RatedVoltageofDeviceUnderTestCapacityTestingVoltage

Notexceeding400volts............Under10K.W.1,000volts Notexoeeding400Volts............10K.W.andover1,500‘v01ts 400andover.butlessthan800......Under10K.W.1.500volts 400andover,butlessthan800......10K.W.andover2,000volts 800andover.butlessthan1,200.....Any3.500volts 1.200andover.butlessthan2.500...Any5,000volts

2.500andover,butlessthan10.000..AnyDoubletheratedvoltage

10,000andover,butlessthan20.000.Any10.000Voltsabovenormalratedvolt

age

20,000andover....................Any50%abovenormalratedvoltage

Synchronousmotorfieldsandfields
ofrotaryconvertersstartedfrom

thealternating-currentSlde.....r.

}

 

 

5,000volts
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on completed machines. according to recommendations of

the American Institute of Electrical Engineers. is given in

the table on page 195:

Short-Circuited Armature Coi1s.—A short-circuited arma

ture coil can be found by sending through it an alternating

flux, which will set up a current in the coil. Fig. 31 shows

a special transformer with a laminated iron core 0 having a

width approximately equal to the length of the armatures to

be tested and pole—face curvature about the same as that of

the armature cores. The dimensions shown in the figure

are appropriate for a transformer used in testing many

railway-motor armatures; the dimensions of a section of the

transformer core are 8 in.><2§ in.,that is, the cross—section

is 20 sq. in. The magnetizing coil b has forty-five turns oi

No. 5 B. & S. wire.

When the transformer is placed over an armature core.

as shown, and an alternating current is sent through the

magnetizing coil. the alternating flux induces an E. M. F. in

the armature coils under the transformer poles; and if any

coil is short-circuited, the resulting current will heat it or

will cause a piece of iron held near it to vibrate. By turning

the armature through a complete revolution and holding a

piece of iron over the coils being tested, any short-circuited

coils are easily located. The transformer should not be put

in position nor removed while current is flowing through the

magnetizing coil.

Bar-to-Bar Armature Test—The bar-to-bar test, Fig. 32,

will reveal the existence and location of open circuits. short

circuits, wrong connections, and grounds in a completed

armature. A steady current. adjusted to suit the require

ments, is sent through the armature by way of terminals a, b

clamped to opposite sides of the commutator, and the leads

of a galvanometer or low-reading voltmeter are connected

to adjacent commutator segments by means of contact

points c. d insulated from each other and held a fixed dis

tance apart by a block of wood or fiber 1'. If there are no

defects in the armature, the reading of the voltmeter will be

the same for each pair of adjacent segments. because the

drop of voltage is the same in all the coils. By trying
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several pairs, a standard deflection can be obtained, the

current being adjusted until this deflection is easily readable.

If two bars are short~circuited, as at e, or a coil is short

circuited, as at f, the voltmeter will show almost no deflection

when the contacts are on the bars [—2 and 3—4, respect

ively. A poor connection between a bar and the two coil

leads belonging in it will be revealed by an unusually large

drop between the bar and either adjacent bar. An open

circuit in any coil, as at g, prevents any flow of current

through that portion of the armature, and when the points

c.d bridge any two bars in the open section, the voltmeter

  

$5 Ga/V- Arlene/9444039

g Volfmcfer

\ I
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0
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FIG. 32. BAR-TO-BAR ARMATURE Tesr

will show no deflection until bars 9 and 10 are bridged, when

the full voltage between the terminals a and b will be

impressed on the instrument and the needle will be thrown

violently. Crossed leads, as at h, will cause double deflec

tion when the points are on bars 6‘ and 7 or 8 and 9, because

the drop then measured is that in two coils; between bars 7

and 8 the drop is normal in value but reversed in direction.

Grounded Armature Coil.~ A grounded armature coil can

be found by impressing full 'oltage on the test brushes, con

necting one voltmeter lead to the shaft, and touching the
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other successively to each commutator bar. The deflection

will be least when a bar to which the grounded coil is

connected is touched.

RHEOSTATS FOR LOAD TESTS

When testing a dynamo, the load current, if small, may be

run through a bank of incandescent lamps. the resistance of

which can be adjusted by cutting lamps in or out; but for

large currents, lamp banks are too expensive. For moder

ately large currents, a cheap resistance can be made by

tacking strips of ordinary roofing tin to a wooden frame, as

shown in Fig. 33.

The strips should be

from 4} in. to i in.

wide, and the sheet

should be slit to

within i in. of oppo

site edges, so that

when pulled apart

and tacked on the

frame, it will form a

continuous con

ductor. The resist—

ance can be adjusted

by a sliding cross

piece, which short

circuits any desired

amount of resistance.

Frames of this kind can be made of different capacities,

depending on the width of strip used, and by connecting a

number of frames in series or in paralch a considerable out

put can be handled.

Water Rheostats.—For absorbing larger outputs where

great accuracy is not essential, plain water rheastats are useful.

A comparatively small water rheostat can be made of an

ordinary oil barrel having an iron plate placed on the bottom,

to which plate a heavy insulated wire is connected, as shown

in Fig. 34. The upper electrode is an iron plate suspended

by a heavy copper wire and a cord attached to a counter

  

FIG. 33. LOAD RHEOSTAT
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weight, so that the plate can easily be moved up or down

and thus made to vary the resistance. Common salt, sal

ammoniac, or Sal-soda. is added to the water in order to

increase its conductivity; this should be added in solution

rather than in solid form, in order that the amount added

may be easily controlled. An ordinary barrel rheostat can

carry a current of 90 to 100 amperes without boiling

excessively.

The resistance of the liquid in an ordinary water rheostat

decreases with '

increase in tem

perature; a sub

merged-wire rhzo

strata form of which

is shown in Fig. 35,

gives a more

steady load and is

capable of han

dling a larger

current. Resist

ance coils, usually

of galvanized-iron

wire, are mounted

o n a w o 0 de n

frame, and the

whole frame is

submerged in the

water, which is

kept cool by a con

tinuous circulation

of water. The coils

are connected to terminals, so that they can be arranged in

any desired combination to suit the voltage or current output

of the machine under test. Wooden partitions between

the coils prevent the current from passing across from coil

to coil and thereby producing electrolytic action. A large

amount of power can be absorbed in a rheostat of this

kind, and it provides a load that is steady and easily con~

trolled. The carrying capacity of galvanized-iron wire when

 

  

FIG. 34. PLAIN WATER Rnaosru
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SAFE CARRYING CAPACITY OF IRON WIRE

(From American Electrician)
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submerged in water is from twelve to fourteen times as

much as when in open air, as shown in the fable on page 200.

The circulation of water through the barrel should be brisk

enough to keep the temperature down to 200° F.

PARALLEL RUNNING OF DIRECT-CURRENT

DYNAMOS

Shunt Dynamos in ParalleL—If two shunt machines.

A. B. Fig. 36, are operating in parallel, each supplying one

i'] Va/fmzfer

  

+Ems-81!:

 

 

Fm. 36. SHUNT DYNAMOS m PARALLEL

half the required current and one. say A. owing to a speed

drop or any other cause, should reduce its voltage, and fail

to supply its half of the current, more than mhalf the

load would then be thxown on B. As the load on a shunt

dynamo decreases, its voltage rises; and as the load increases,

the voltage falls; therefore, the tendency would be for the

voltage of A to increase and {or that of B to decrease until
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the two were again equal. Shunt dynamos, therefore. are

well adapted for parallel operation, but, owing to poor

voltage regulation, they are not much used.

Compound Dynamos in Parallel.—Cornpound-wound

dynamos may be adjusted to maintain very nearly a constant

voltage or even to cause an increase of voltage with increas

ing load. When compound-wound dynamos are operated

in parallel (Fig. 37), a. conductor of. low resistance, called an
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Fro. 37. COMPOUND DYNAMOS IN PARALLEL

equalizer, must connect the brushes to which the series

fields are connected. If the positive brushes are connected,

there are two paths for current to pass from the positive

brush of either machine to the positive bus-bar—one through

its own series field and one through the equalizer and the

series field of the other machine. If the resistance of

the equalizer were zero, it is evident that the division of the
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current from either positive brush through the two paths

would be inversely proportional to the resistance of the paths:

that is, the path having the higher resistance would carry

the smaller current. The division of the current between

the two series fields may therefore be made as desired by

adjusting the resistance of one or both paths.

In adjusting the division of load between two compound

wound dynamos A, B, Fig. 37, in parallel, the compounding

of each machine is first made right by adjusting its series

shunt so that the voltages of the two machines will agree

Flt/d fibm/n/

AM I nm" _,  

8000/ ITI/d

B

  

Fir/4 340/7" To (In _.

I'll/r

M2

FIG. 38. Swrrcnnonm CONNECTIONS

at no load and at full load and also as nearly as possible at

one-fourth load, one-half load, three-fourths load, etc. If,

when the two machines are connected in parallel, one of

them A supplies more than its share of the current, the

resistance of the path through its series-field coil should be

increased until the division of the load is correct. The

resistance of the series-field coil of a dynamo is usually very

small, so that only a very slight addition will be needed in

any case. The necessary resistance may be obtained by

using a longer lead between the machine and the switch—

board, or possibly by inserting iron or Gennan-silver washers
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under a terminal lug. It is useless to try to adjust the

division of load by adjusting the series-field shunts, for when

the machines are connected in parallel, adjusting either

shunt afiects both machines alike.

For the most successful parallel operation, dynamos

should be of the same design and construction and should

possess as nearly as possible the same characteristics; that is,
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FIG. 39. EQUALIZER Couusc'nous

each should respond with the same readiness, and to the

same extent, to any change in its field excitation. Any

number of such machines may be operated in parallel.

The usual practice is to connect the equalizer and the

series field to the positive terminal, though if desired they

may be connected to the negative terminal; both, however,

—~--.~fi
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must be connected to the same terminal. The resistance ct

the equalizer should be as low as possible. and it must never

be greater than the resistance of any of the leads from the

dynamos to the bus-bar.

Sometimes. a third wire is run to the switchboard from

each dynamo and there connected to an equalizer bar, as

in Fig. 38: but the usual practice is to run the equalizer

directly between the dynamos and to place the equalizer

switches on pedestals near the machines. This shortens the

connections and leads to better regulation. The positive

and equalizer switches of each machine differ in potential

only by the slight drop in the series coil. and in some large

stations these two switches are placed side by side on a

pedestal near the machine, as in Fig. 39. In such cases.

the equalizer and positive bus-bars are often placed under

the floor near the machines. so that all leads may be as

short as possible. If all the dynamos are of equal capacity.

all the leads to bus-bars should be of the same length. and

it is sometimes necessary to loop some of them as shown

at d. Fig. 39.

It is not practicable to run a compound dynamo and a

shunt dynamo in parallel; for. unless the field rheostat of

the shunt machine is adjusted continually. the compound

dynamo will take more than its share of the load.

MAIN CABLES FOR DYNAMOS

The main cables running from a dynamo should be care

fully selected. so as to carry the current without overheating.

The cables may have paper or rubber insulation provided

with an outer lead sheath. 01' they may have rubber cov

ering with an outer braiding.

In the table on page 206. the temperatures are based

on continuous operation, with lead-armored cable. For 2

hours' overload, the temperature rise will be 90% of the

values quoted for continuous operation at overload. For

paper insulated cables, the temperatures will be increased

10%. If braided cables are used, the temperatures will be

reduced 10%.
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DIRECT-CURRENT MOTORS

Starting Devices.-—Direct-current motors are nearly always

operated on constant-potential circuits, and all except very

small motors have low armature resistance. When starting,

it is necessary to limit the flow of current through the arma

ture until the motor generates enough counter E. M. F. to

regulate the current automatically.

Motor starting boxes, or 1heoslats, consist of resistances

capable of carrying

the starting current

for the few seconds

required by the

motor to come up to

speed. The resist

ance is arranged in

steps, so that it can

be cut out of circuit

step by step as the

counter E. M. F.

increases.

Fig. 40 shows con

nections of a shunt

motor and starting

rheostat; the resist—

ance steps are con

nected to a series of

contact buttons or

segmentsmverwhich FIG. 40. STARTING Rueos'ra'r

the arm can be FOR SHUNT Moron

moved. The arm is normally held in the afi-position, as

shown, by a. strong spring, so that closing the main switch

does not close a circuit through the armature. When the

arm is moved on to the first contact, current can flow through

the shunt field, the release magnet, and the arm, to the

other side of the circuit; also through the motor armature,

all the resistance, and the arm. The shunt—field current

therefore attains its full strength at once, but the armature

current is limited by the resistance in the rheostat. The

Q
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armature should begin to rotate at once unless it has to

start a considerable load. in which case it may not start

until the arm is moved to the second or third contact; the

arm is then moved on from contact to contact, stopping a

few seconds on each. but moving quickly between them,

until the last one—the full :m-position—is reached, where

the resistance is all cut out, and the motor attains full

speed. Ordinarily, 15 sec. is sufficient time to start a. motor

and bring it up to full speed.

When the arm is on the last contact. it is held by the

attraction of the release magnet; if, for any reason. the power

should go off the line, the magnet releases the arm, which

is then carried back to the off-position by the spring. The

motor. in the absence of power, will soon stop, but when

power returns to the line the motor is protected from the

rush of current that would occur through its armature if

the arm had remained at the on-position. The name,

automatic no-voltage release :Iarh'ng rheostat applies to such

a starter. To stop the motor. all that is necessary is to pull

the main switch, and the starter will open automatically

as soon as the armature slows down a little.

The front of the rheostat has three binding posts marked

Line, Arm; and Field, respectively, and care should be

taken that the proper wires are connected to each. A mis

take sometimes made is to interchange the line and the

armature wires, in which case the motor will not start until

the arm has passed over several contacts and may then

start very suddenly with considerable sparking and flashing

at the commutator.

Starting rheostats are also made with an overload-release

device, so that the circuit through the motor is opened

automatically when the motor current becomes too large

for safety.

Rheostats for series and compound motors are the same

in principle as those for shunt motors. When no shunt

field is usedI the no-voltage release coil is connected directly

across the circuit, with or without a resistance in serieH

method adopted by some manufacturers for all their

rheostats.
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Direction of Rotation.—To reverse the direction of any

direct-current motor, the direction of the current in either

the armature or the field must be reversed. If the direc

tions in both are reversed, the direction of rotation will

remain unchanged. The general practice is to reverse the

current in the armature, rather than in the fields. Shunt

motors are now 'usually provided with four terminals, so

that the connections can be readily made for either direction

of rotation. A double-pole, double-throw switch with oppo

site comer contacts connected (Fig. 41) affords a ready means

for reversing the direc

tion of the current

through an armature.
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FIG. 41 FIG. 42

Revensmc Swrrcn CYLINDRICAL Ravensen

The arrangement of contacts on a cylinder that can be rota

ted so as to bring different contact pieces under stationary

fingers (Fig. 42) is a convenient way of reversing a motor.

Cylindrical reversers are used in street-car controllers.

SPEED REGULATION OF MOTORS

There are two general methods for varying the speed of

motors: (1) By varying the E. M. F. applied to the arma—

ture windings, and (2) by varying the field strength. Both
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methods admit of many modifications and in some cases the

two are combined. 1

Speed Variation by Changing Applied E. M. F.—The

E. M. F. applied to a motor armature may be changed (1) by

adjusting a resistance in series with the armature; (2) by

series-parallel control; and (3) by multivoltage control.

The first method is much used because of its simplicity

and low first cost. but it is very wasteful and gives poor

5 p e e d regulation

with varying load

at. reduced speed.

A n a u t 0 m a t i 0

starting and speed

regulating rheostat

in much use has a

notched segment

on the end of the

arm and a catch,

or pawl, controlled

by the release mag

net. The connec—

tions are shown in

Fig. 43. While the

magnet is excited,

the pawl is held

firmlyin a notch in

the segment so that

the arm will remain

in a n y position;

FIG. 43 but, if the current

SPEED-REGULATING Rneosnr goes 05 the line.

the arm is released and is then carried back to the ofi-posi

tion by a spring.

Armature Speed Regulating Resistance.—The resistance

used for speed control must be of larger carrying capacity than

is needed merely for starting purposes. and must be selected

for the current actually required by the motor and not

always according to the full capacity of the motor. For

example. if a 5-H. P. motor is in use where only 3 H. P. is
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required, a 3-H. P. regulator should be used. To reduce the

speed of a 220-volt motor 50% requires a drop of 110 volts

in the regulating resistance. A 5-H. P., 220-v01t motor

requires about 20 amperes at full load. If this current is

also required at half speed, the regulating resistance must be

110+20=5.5 ohms; but if only 12 amperes is required at

half speed, the resistance must be 110+12=9.17 ohms.

The speeds of fans and blowers are frequently regulated

by means of armature-regulating resistances. Since the

power required to drive a fan varies about as the third

power of the speed, the power required at half speed is about

one-eighth that at full speed; hence, if a fan requires 5 H. P.,
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Ila/f Spud Full offload

Fro. 44

or 3,730 watts, at full speed, it will require about 466 watts

at half speed. If the motor efficiency is 85%, the input at

full speed must be 4,400 watts, or 20 amperes at 220 volts.

At half speed, the input will be about 5.25 amperes at 110

volts. The regulating resistance must be sufficient to give

a drop of 110 volts at 5.25 amperes, or 110+5.25=21 ohms.

Speed-regulating resistances for fan and blower motors, or

for centrifugal-pump motors, must therefore be considerably

higher than for most other classes of work, with correspond

ingly less carrying capacity.

Series-Parallel Method—The series-parallel method of

speed control may be applied to a single armature with two
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separate windings, each connected to a commutator, as

suggested by Fig. 44. When the two windings are connected

in series, the armature will run at half speed, but when in

parallel, at full speed. Intermediate speeds may be ob

tained by field regulation. This method of control is also

used with two motors, as on street-railway cars. The two

motors are connected in series for low speeds and in parallel

for high speeds. The changes

 
 

 

 

 
é? , {$5 from series to parallel con

—— nection is efi'ected by means
MCI 0?

l of a controller.

Multivoltage Systems.-—A

K _ _ considerable variation of

immanm speed can be obtained by

operating a motor on a three

wire system, as shown in

Fig. 45. The armature is

 

  

connected to one side of the

system to obtain half volt

age for low speeds, and

across the outside wires to

obtain full voltage for high

speeds. Intermediate speeds

may be had by adjusting

the field strength by means

of a field rheostat. The

changes in the connections

can be made by means of a

double-throw control switch,

the shunt field remaining

connected across the outside

wires. A few lamps con—

nected across the shunt>field

terminals will serve to take the‘ field discharge when the

main switch is opened.

A motor generator consisting of a llO-volt motor and a

double generator wound to give 60 volts at one end and 80

at the other may be run from a llO-volt circuit so that the

system can be made to give 60,80,110, 140, 190. or 250 volts.
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A similar set may be operated as a balance! across a 220—volt

circuit (see Fig. 46), so as to obtain 53, 70, 97, 123, 167, or

220 volts. As a general rule, the balancer set should have

a capacity of about 25% of the rated capacity of the variable

speed motors to be operated.

In the Bullock multivoltage system. three dynamos

generating 60, 80, and 110 volts, respectively, are mounted

on one base and their shafts coupled together. The set is

used across 250-volt mains and is provided with a starting

rheostat. Each armature has a field magnet and each field

circuit a rheostat, so that the respective voltages can be

adjusted. The variable-speed

motors are provided with

controllers, each of which has

two cylinders—a main cylin

der for changing the arma

ture connections and a second

cylinder for inserting resist

ance in the field circuit and

securing intermediate speeds.

The cylinders work together,

so that while the operating

cylinder is moved from posi

tion 1 t0 9, the field-resistance

drum cuts in resistance in the

field circuit and thus gradually '

increases the speed, so that

when the main drum reaches

position 8, where the voltage is stepped up and the field cur

rent simultaneously returned to full value, there is no sudden

jump in the speed, Standard 250-volt motors are used, and

their shunt fields are excited from the 250-volt mains.

Speed Variation by Changing Field Strength.—If E is the

voltage applied to the terminals of a shunt motor, E’ the

counter E. M. F. generated in the motor, and R the resist

I
ance of the motor armature and brushes, then EEE is the
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current, and the counter E. M. F. is automatically adjusted

to keep the current just sufiicient to produce the necessary
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torque. If the motor is running free, that is, with no load,

E—E' is very small and the current is small. When the

load on the motor is greatest, E’ is least and E —E' is a

maximum, thus causing maximum current to flow.

In any case, the armature will rotate fast enough to gener

ate the counter E. M. F. E', and the weaker the field the

higher must be the speed; hence, the speed of a direct

  

FIG. 47. Slow VARIABLE—SPEED Moron

current motor may be increased by weakening its field or

decreased by strengthening its field. But the maximum

current that a direct>current motor armature will take with

out sparking is less with a weak field than with a strong one;

hence, the maximum safe output of a given motor is usually

decreased by Weakening the field. Ordinary standard motors.
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however,will usually operate at full rating on weakened field

at from 25 to 50%,and sometimes 100%. increased speed

without injurious sparking. Motors wound especially for

variable-speed work may be made to produce full output at

speed variations as high as 4 or 5 to 1. For example, a

motor normally rated at 10 H. P. at 1,100 R. P. M. may be

built with a specially strong field and a special armature

winding, so that it will develop 3 H. P. at 300 R. P. M. with

full field, and by weakening the field, the speed may be

increased to 1,200 R. P. M. or possibly more without injuri

ous sparking, the output remaining constant at all speeds.

Stow Variable-Speed Motors—Sparking on a weakened

field is caused by field

 

 

  

'¢
1

distortion due to armature ' ,,,,,,

reaction. It is possible to I ,

maintain the full number

of ampere-turns on the

field and decrease the field

magnetism by increasing

the reluctance of the mag

netic circuit, thus causing

increased speed. The Siam

v a! ia b Is - speed motors,

Fig. 47, have field poles

(Fig. 48). each consisting

of an outer shell in which

is a movable core. The dis
tance of the cores from the FIG' 48

armature can be adjusted by means of screws operated by a

handwheel 0n the frame, thus varying the reluctance of the

magnetic circuit. When the pole cores are drawn away

from the armature, the reduced flux concentrates at the pole

tips, and, owing to the high density. field distortion is largely

prevented. These motors give wide speed variation with

sparkless commutation and without the use of field rheostats,

but they are somewhat complicated and expensive.

Interpole motors are so-called because they are equipped

with commutating poles between the main poles. The

commutating poles are wound with a few turns of copper

\\
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strip or wire large enough to carry the armature current.

and all are connected in series in the armature circuit.

These poles cause a field in the neutral region always pro

portional to the armature reaction and opposed to it, so that

commutation can occur with little or no sparking even with

a Very weak motor field.

ELECTRIC MOTOR DRIVING

The motor selected for a given service should be large

enough to avoid overloading, but there should not be very

much surplus capacity, for this would increase the first cost

and cause the motors to work at an inefficient load. The

power required to run a given machine tool depends on such

variable conditions that it is impossible to give formulas

that will prove correct in all cases. The following general

formula, however, can be used:

H. P. = CW

in which H. P. is the horsepower, C the H. P. required per

pound of metal, and W the number of pounds of metal

removed per minute.

In general, the power C per pound of metal cut away per

minute may be taken as follows: Hard steel 3, wrought

iron 2.5, soft steel 2, cast iron 1.5. To allow for friction of

the machine itself and for unusually hard metal, it is well to

add 25% to these values, making them 3.75, 3.13, 2.5, and 1.9.

respectively. The value of W is computed by multiplying

together the width and depth (that is, the cross-section) of

the cut and the speed of cutting in feet per minute.

For machines that demand a fluctuating supply of driving

power, such as planers, shapers, slotters. and punch presses,

compound-wound motors should be used; and the addition

of heavy flywheels on the motor shafts will be an improve

ment.

MACHINE-TOOL MOTORS

Calculations for the following list of motors for large

railway repair shops were made according to the preceding

formula and have proved very nearly correct in almost

every instance.
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ECONOMY OF INDIVIDUAL MOTOR DRIVE

The power required to drive the line shafting and belts in

a factory where the motive power is all in one source is

about equal to the power required to drive all the machines

in the shop at their maximum output; that is, if all the

tools working simultaneously at maximum output require

100 H. P., the belts and shafting will require about 100 H. P.

more, and this power, which is all lost in friction, must be

supplied all the time, even though only a few of the machines

are working. On the other hand, if, in the same shop, each

tool is equipped with a motor, onlyabout 43 H. P. will be lost

in transmission from the motive power of the dynamo to the

tools when they are all working at maximum output; that is,

143 H. P. is consumed and 100 H. P., or 70% of this is sup

plied to the tools, against 50% with belts and shafting.

But, in machine-shop work, it is found that so many

machines are always idle or working on light load that only

about 30% of the total capacity of all the machines is in use

at the same time; that is, the load factor is approximately

30%. With line shafting and belts, the total power supplied

to the shop is then 130 H. P., of which 30 H. P., or 23%,

is used by the tools; with individual motor drive, the losses

decrease approximately as the load. At 30% load, the loss

would be 30% of 43 H. P. = 13 H. P., and the total

power is 43 H. P., of which 30 H: P., or 70%, is used. In

other words, the individual motor drive, under ordinary

Working conditions, is more than three times as efficient as

the line shaft and belt drive.

However, it would not usually be economical to install

a small motor on each of a number of small machines; better

results are often obtained by driving a number of small

machines in a group from a comparatively short line shaft

driVen by a larger motor.
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DISEASES OF DIRECT-CURRENT DYNAMOS

AND MOTORS

SPARKING AT THE COMMUTATOR

A moderate amount of sparking at the commutator is not

objectionable, but. if it becomes sufficient in amount or in

duration to blacken or roughen the commutator bars, the

cause should be located and removed if possible. Numerous

small, white sparks, evenly distributed along the edge of the

brush and producing no distinguishable noise, usually work

little injury. Larger sparks, appearing at irregular intervals

along the edge of the brush, usually with a greenish hue and

accompanied by a hissing sound, are more serious. Such

sparks usually cling tenaciously to one point on the brush

edge; they are due to small particles of copper that are torn

loose from the commutator by excessive local heat. On

stOpping the machine after running a few hours with this

kind of sparking, a furrow, or strip, will be found out into

the commutator all around the circumference under the spot

where the spark appeared, and a piece of copper will be found

adhering to the surface of the brush. Sparks due to induct

ive voltage of commutation are generally accompanied by a

vicious snapping sound, easily distinguished after having

once been heard. A well-designed, modern, direct-current

dynamo or motor, with the brushes in one position, should be

sparkless from no load to full load and possibly to 25% over~

load. There should be no injurious sparking at 50% over

load, and many manufacturers guarantee their machines

to stand even 100% overload, momentarily, without injury.

The cause of sparking at the commutator may be any one

or more of the following: (1) Overloads; (2) brushes defect

ive in setting, in material, or in dimensions; (3) commutator

in poor condition; (4) defective armature; (5) poor founda

tion; and (6) weak magnetic field.

An overload is usually easily detected by means of the

switchboard instruments or by other surrounding condi

tions, and the remedy, if there is any, is also usually apparent.
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Shifting dynamo brushes forwards or motor brushes back~

wards will generally give some relief. The overload should,

of course, be removed as soon as possible.

The bmsher may have the wrong lead, which can be cor

rected by moving them slowly backwards and forwards

until the sparking is reduced to a minimum. They may not

be properly spaced; the least number of commutator bars

between corresponding points (centers or edges) of adjacent

sets of brushes should be N+p, where N is the number of

bars in the commutator and p the number of poles. The

material of the brushes may be too hard or too soft. as will

usually be indicated by the surface of the commutator and

the contact surface of the brushes. If the commutation is

good, the commutator surface will assume a dark, glossy,

chocolate color; the surface of the brushes will also be

smooth and glossy, and the brushes will usually emit a

characteristic squeaky noise when the commutator is turned

slowly. If the commutator surface appears raw and copper

colored or has small furrows cut in it, and if the brush sur

faces are roughened or covered with bits of copper, relief

can often be obtained by removing the brushes, boiling them

in Vaseline, wiping dry, and resetting. In setting brushes,

draw a strip of fine sandpaper a few times between the

brushes and the commutator, with the rough side of the

paper next to the brushes. If brushes are too thick, they

will short-circuit too many coils, and heating and spark~

ing will result; if too thin, the inductive voltage of commuta

tion will be too high and sparking will result.

The commutator surface should be kept clean. smooth, and

glossy; very little oil or grease should be applied to it.

A rough commutator can sometimes be ground down with

sandpaper (not emery paper) held on by means of a stock

curve, after which the commutator and all surroundings

should be thoroughly cleaned. A piece of sandstone cut with

the same curvature as the commutator is sometimes used suc

cessfully to grind down a commutator surface. An eccentric

commutator, or one that has high or low bars, must be

trued in a lathe or with a special turning tool. Loose bars

should be driven into place and the commutator tightened.
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The armature may have short circuits, open circuits.

grounds, etc. as described elsewhere. The shaft may be

sprung, giving the same effect as an eccentric commutator,

A Poor foundation will permit vibration and may cause

sparking.

A weak field will permit field distortion and consequent

shifting of the neutral region with each change of load.

HEATING

The Armature.—O'u0rheated windings are generally caused

by overloads, but there may be other causes. The armature

may have one or more short-circuited or grounded coils,

which will cause local development of heat. Starting the

machine when cool and stopping again after a run of a few

moments may heat the locality of a short-circuited coil so

that it can be felt. Two grounds may act the same as a

short circuit. Excessive eddy currents in the armature core

will make the core heat faster than the conductors, or the

core will heat when the machine is running without load.

In such a case, the only remedy is to rebuild the core of good

sheet iron, with at least every alternate sheet dipped in japan

and baked. The heat from hot bearings may sometimes

affect the armature.

The Field.—Shunt-field coils will overheat if the voltage at

the terminals is too high; that is, if the coils are overloaded.

An overload on a shunt field may also occur if one or more

coils are short-circuited. Eddy currents in the pole pieces

may also cause overheating.

The Bearings.—Overheated bearings may be caused by

lack of good, clean oil. The supply of oil to the bearings

should be of good quality, abundant in quantity, though not

suflicient to overflow and get into the commutator or wind

ings, and perfectly clean and free from dirt. The bearings

should also be cleaned out occasionally. especially if they

heat. The heating may be due to rough journals or hearings,

to the bearings being too tight. to the shaft being sprung, the

bearings out of line, belt too tight, armature out of center,

so that the magnetic pull one way is excessive.- or anything

else that may cause excessive friction.
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MISCELLANEOUS DlSEASES

Noise cannot be entirely eliminated from rotating

machinery, but well-designed and well-mounted dynamos

and motors should run without excessive noise. Loose or

vibrating parts, as an unbalanced pulley, the armature

striking against the pole pieces, or the shaft collars against

the bearings, etc., will cause unnecessary noise, usually

enough to indicate the cause. Humming is usually caused

by vibrations of the laminations of the pole pieces or the

armature core.

High or low speed in a dynamo is the fault of the motive

power; high speed is likely to cause sparking, and low speed

will cause either low voltage or overheated shunt fields it

the resistance is cut out to keep up the voltage. The

speed of a motor is affected both by the voltage and by the

field strength.

Failure to Generate.—A dynamo will fail to generate (1) if

the residual magnetism has been lost; (2) i! the field excita

tion and the residual magnetism are not in the same direction;

(3) if the shunt-field circuit is open or has too much resistance;

(4) if the resistance of the external circuit of the dynamo is

too low, that is, the load on the dynamo too great.

Stopping and Failure to Start—A motor will mg, or fail to

start if there is too little current in its armature conductors.

or if its field magnetism is too Weak, or if the load is too great.

The power may be off the line, a fuse may be burned out,

or a circuit-breaker open. The brushes may be short

circuited, so that current does not go through the armature

conductors. The field circuit may be short-circuited or

open, so that there is little or no field excitation, etc.
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ELECTRIC BATTERIES

PRIMARY BATTERIES

A primary battery is a group of one or more what, or

galvanic, cells. Each cell consists of two dissimilar elements,

called the 120110ch couple, immersed in a saline or acidulated

solution called the electrolyte. The elements are such that

one, called the positive element, or anode, is acted on by the

electrolyte more readily than the negative element, or cathode.

The anode is the element at which the current enters the

electrolyte, and the cathode is the element at which the cur‘

rent leaves the electrolyte. In the chemical action, the

anode is consumed by oxygen from the electrolyte. and

hydrogen gas liberated from the electrolyte gathers on the

surface of the cathode. This gas is a non-conductor; a

layer of it on the surface of the cathode prevents the passage

of current, and the cell is said to be polarized. A depolarizer

is a material that will combine readily with the liberated

hydrogen; this is placed near the cathode so that the gas

may be removed therefrom. Depolarizers may be solid or

liquid. When solid, the material is placed around the

cathode in a porous cup, through which the electrolyte can

enter; when liquid, the material may be contained in a

porous cup around the cathode, or it may be of difierent

specific gravity than the electrolyte, so that one liquid will

remain above the other, or it may be mixed with the elec

trolyte.

PRIMARY BATTERY CELLS

The accompanying table gives the names of some of the

most common battery cells, with the principal materials

entering into each. The chemical symbol NH4Cl means

ammonium chloride (sal ammoniac), and H2504 is the

symbol for sulphuric acid. In the column headed Remarks

is given the kind of work for which each cell is most suitable.

Reference to bichromate-acid solution means potassium or

sodium bichromate or chromic acid dissolved in water with

the addition of a little sulphuric acid. Zinc anodes are used
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for all the cells given in the table. The elements assume

various forms according to the type of cell.

Applications.—Open-circuit primary batteries are used

where electric current is required in small quantities and

very intermittently, as for ringing bells, lighting gas, opera

ting telephone transmitters, etc. Closed-circuit batteries

are used where a small but steady current is required for

long periods of time, as in telegraphing, in Operating fire

alarms, railway signals, etc. For open-circuit work, the

Leclanché cell is much used. The electrolyte should have

all the sal ammoniac that will readily dissolve and no more.

For closed-circuit work, crowfoot, Gordon, Fuller, and

Edison-Lalande cells are all popular.

STORAGE BATTERIES

A storage battery, secondary battery, or accumulator, as it is

variously called, is an electrical device in which chemical

action is first caused by the passage of electric current, after

which the device is capable of giving 05 electric current by

means of secondary reversed chemical action. Any voltaic

couple that is reversible in its action is a storage battery.

The process of storing electric energy by the passage of cur

rent from an external source, is called charging the battery;

when the battery is giving off current, it is said to be

discharging. A storage-battery cell has two elements, or

plates, and an electrolyte. The two plates are usually

made of the same material, though they may be of two

different materials.

Lead Accumulators.—In all storage batteries of large

capacity, lead is used for both plates, hence the name lead

accumulators. There are two processes of preparing the

plates, the Planté process and the Fame process. In the

Planté process, pure lead plates are formed by electrolytic

action caused by repeated charging and discharging until

the surface of the plates for a considerable depth becomes

porous, or spongy. During the process of charging, lead

oxide forms on the positive plate and hydrogen collects on

the negative plate; during discharge, the lead oxide is
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reduced to spongy lead, and more lead oxide is formed on

the negative plate. In the Faure process, the active sub

stance. an oxide of lead, is pasted on the plates before they

are put into the electrolyte. In both processes. it is an

object to expose as much lead surface as possible to the

action of the electrolyte; for this reason, the plates, or grids,

are usually filled with perforations or grooves. All the posi

tive plates of a cell are interconnected at one side of the cell,

and all the negative plates at the other.

INSTALLATION AND CARE OF STORAGE CELLS

Location.—Storage cells should be located in a well

ventilated room of moderate temperature, say from 50° to

75° F. The floor should

be of cement, with

drainage facilities, and

the room should be

light enough to allow

easy inSpection of the

cells.

Method of Supporting

Cells.—The cells are

usually mounted on

racks made of heavy

wooden framework

securely braced. If

arranged in a single

tier, which is the

better way when there

  

7g§lllllllll
' 1i Willi“.

FIG. 1 FIG. 2

Insurance PLACING PLATES IN GLASS JARs

  

  

is space enough. all the framework that is necessary is a set

of stringers properly fastened together. If the containing
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vessels are glass, they should be set in shallow wooden

trays filled with sand, in order to distribute the stresses;

if lead-linedI wooden tanks are used, trays are not neces

sary. Each tray or tank is supported on glass pettith

insulators, Fig. 1. Fig. 2 shows a method of placing plates

in glass jars.

Mixing the Electrolyte.—When the cells are fully charged,

the specific gravity of the electrolyte, as indicated by the

hydmmeter, should be 1.2 to l .24 at 60° F. The final density

on discharge should not fall below 1.15; from 1.185 to 1.195

is the usual practice. The electrolyte can be obtained ready

rnixed, but it is cheaper to buy concentrated acid and dilute

it. None but sulphur or brimstone acid should be used.

Acid made from pyrites is liable to contain impurities.

When diluting, the acid must be poured into the water

slowly and with great caution. Never pour the water into

the acid. The specific gravity of commercial sulphuric

acid is 1.835, and 1 part of such acid should be mixed with

5 parts (by volume) of pure water. Care should be taken

that no impurities enter the mixture. The vessel used for

the mixing must be a lead-lined tank or one of wood that has

never contained any other acid; a wooden washtub or

spirits barrel answers very well. The electrolyte when

placed in the cell should come i; in. above the top of the plates.

Before putting the electrolyte in the cells, the positive pole

of each cell should be connected to the negative pole of the

next cell in the series, and the whole battery of cells should

be connected. through a main switch, to the charging

source—the positive pole of the battery to the positive side

of the charging source, and the negative pole to the negative

side. After adding the electrolyte the battery should be

charged at once or at least inside of 2 hr. A little pure

water should be added occasionally to the electrolyte to

make up for evaporation, and a small quantity of acid

should be added about once a year to make up for that

thrown off in the form of spray or that absorbed by the

sediment in the cells.

Hydrometers, to determine the density of the electrolyte,

mav be had in difi‘erent forms. A bulb containing mercury
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sinks into the electrolyte to a depth corresponding to the

density, and the scale on the glass tube to which the bulb

is attached is graduated to read the density.

styles shown in Fig. 3, the

largest (a) can be read with

the greatest accuracy,_and is

preferred where it can be

used. The syringe style (a)

has the hydrometer a inside a

glass tube b; by means of the

rubber bulb the tube is filled

to the mark 11 on the glass

with the liquid to be tested,

and the reading is taken at

the point where the floating

tube a emerges from the liquid.

This style permits readings to

be taken where styles (a) or

(b) could not be placed, as

in automobile batteries.

CHARGING

The normal charging rate

is usually the same as the

8'hr. discharge rate specified

by manufacturers. The

charge should be continued

uninterruptedly until com

plete; but if repeatedly carried

beyond the full-charge point,

unnecessary waste of energy,

a waste of acid through spray—

ing, a rapid accumulation of

sediment, and a shortened life

of the plates will result. At

the end of the first charge, it is

  

Of the three

(A) (b)

FIG. 3. HYDROMETER

  

advisable to discharge the battery about one-half, and then

immediately recharge it. Repeat this operation two or

three times, and the battery will then be in condition for
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regular use. It is advisable to overcharge the batteries

slightly about once a week, in order that the prolonged

gassing may thoroughly stir up the electrolyte, and also to

correct inequalities in the voltages of the cells. If the dis

charge rate is very low, or if the battery is seldom used, it

should be given a freshening charge weekly.

Indications of a Complete Charge.—A complete charge

should be from 12 to 15% greater in ampere-hours than the

preceding discharge. The principal indications of a com

plete charge are: (1) The voltage reaches a maximum value

of 2.4 to 2.7 per cell, and the specific gravity of the electro

lyte a maximum value of 1.2 to 1.4 per cell. If all the cells

are in good condition and the charging current is constant,

maximum voltage and specific gravity are reached when

there is no further increase for 1- to i hr. (2) The amount of

gas given off at the plates increases, and the electrolyte

assumes a milky appearance, or is said to boil. (3) The

positive plates become dark brown in color and the negative

plates light gray.

The accompanying curves, Fig. 4, show graphically the

action of a typical cell. The following data applies to the

curves:

RATE or CHARGE AND DISCHARGE

(Naiional Battery Company)

No.1. Discharge—8 hr. at 20 amperes, 310 watt-hm

84% ampere-hr. efi‘icicncy.

No.2. Charge—9} hr. at 20 amperes, 428 watt-hm;

72.4% watt—hr. efficiency.

No.3. Discharge—5 hr. at 28 amperes. 268 watt-hr;

85% ampere-hr. efiiciency.

No.4. Charge—8} hr. at 20 amperes, 373 watt-hing

71.8% watt-hr. efficiency.

No.5. Discharge—3 hr. at 40 amperes, 228 watt-ha:

85.7% ampere-hr. efl’iciency.

No.6. Charge—7 hr. at 20 amperes, 311 watt-hm

73.2% watt-hr. efficiency.
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Acrn DENSITY

No. 1. Start. 1.210; finish. 1.190; temperature at finish

72" F.

No. 2. Start. 1.190; finish, 1.210; temperature at finish.

74° F.

No. 3. Start, 1.210; finish, 1.191; temperature at finish,

80° F.

No. 4. Start, 1.191; finish, 1.209; temperature at finish,

82° F.

No. 5. Start, 1.210; finish, 1.194; temperature at finish.

77° F.

No. 6. Start. 1.194; finish, 1.207; temperature at finish,

83° F.

Voltage Required.——The voltage at the end of a charge

depends on the age of the plates, the temperature of the

electrolyte. and the rate of charging; at normal rate of

charge and at normal temperature, the voltage at the end

of the charge of a newly installed battery will be 2.5 volts

per cell or higher; as the age of the battery increases. the

point at which it will be fully charged is gradually lowered

and may drop as low as 2.4 volts. The voltage at the end

of the charge will be approximately .05 volt less for each

25% decrease in the rate; for example, if the final voltage

were 2.5 at the normal rate. say. of 1,000 amperes. it would

be 2.45 at 750 amperes, and 2.4 at 500 amperes. The final

charging voltage is noticeably lower at high temperatures.

irrespective of the age of the plates. All voltage readings

are taken with the current flowing; readings taken with the

battery on open circuit are of little value and are frequently

misleading. After the completion of a charge and when the

current is ofi‘. the voltage per cell will drop rapidly to 2.05

volts and remain there for some time while the battery is on

open circuit. When the discharge is started. there will be

a further drop to 2 volts. or slightly less. after which the

decrease will be slow. Cells should never be charged at the

maximum rate except in cases of emergency, the final volt

age per cell will then be about .05 volt higher than if charged

at normal rate.
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On beginning a charge, each cell requires about 2 volts.

If N is the number of cells to be charged, E the supply volt

age, and I the charging current. the voltage effective in the

circuit through the battery is E—2N; and the resistance 0!

the circuit is

E—2N
R=—l_=

which is practically equal to the amount of resistance

required in the rheostat, because the resistance of the cells

is very low. For example, if twenty storage cells are to be

charged from a 220-volt circuit with a charging current of

5 amperes, the regulating resistance must be

hwnsohm,

This resistance should be adjustable, so that some of it

can be cut out as the voltage of the cells increases, and

it must be made of wire large enough to carry at least

5 amperes without overheating.

Connections for Charging.—Storage batteries cannot be

charged with alternating current, and when this is the only

available supply, it must be converted to direct current.

This conversion is made by means of motor-generators,

rotary converters, or mercury—vapor converters. Batteries

can be charged from direct-current lighting mains by con

necting as shown in Fig. 5. An ammeter in the circuit is

advisable but not essential. The lamps or the rheostat

serve to adjust the current. A 16-c. p., l10—volt,carbon

filament lamp has about 220 ohms resistance and will carr"

.5 ampere; a similar lamp of 32-c. p. rating has about 110

ohms resistance and will carry 1 ampere. Therefore, the

charging current from llO-volt mains can be limited to, say.

5 amperes by connecting five 32-0.. p. lamps in parallel, or

from 500-volt mains by connecting in parallel five series

of lamps, each series containing five 32-c. p. lamps. In both

cases, two 16-c. p. lamps in parallel can be used in place of

each 32-c. p. lamp.

Direction of Current.——The charging current must always

flow through the battery from the positive pole to the nega

tive pole. If it is necessary to test the polarity of the line
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wires when no instruments are available, attach two wires

to the mains, connect some resistance in series to limit the

current, and dip the free ends of the wires into a glass of

 

 

  

  

flak/er;

 

  

Fla. 5. CHARGING STORAGE BATTERXES Fnou Dmnc'r

CURRENT LIGHTING CIRCUITS

acidulated water, keeping the ends about 1 in. apart. Bub

bles are given off most freely from the negative end.
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DISCHARGING

Heavy overdischarge rates maintained for a considerable

time, are almost sure to injure the cells. The normal dis

charge rate should not be exceeded except in case of emer

gency. The amount of charge remaining available at any

time can be determined from voltage and specific~gravity

readings. During the greater part of a complete discharge,

the drop in voltage is slight and very gradual; but near the

end the falling off becomes much more marked. Under no

circumstances should a battery ever be discharged below 1.7

volts per cell, and in ordinary service it is advisable to stop

the discharge at 1.75 or 1.8 volts. If a reserve is to be kept

in the battery for use in case of emergency, the discharge

must be stopped at a correspondingly higher voltage. The

fall in density of the electrolyte is in direct proportion to the

ampere-hours taken out, and is, therefore, a reliable guide

as to the amount of discharge.

MISCELLANEOUS POINTS

Restoring Weakened Cells.—There are several methods of

restoring cells that have become low: (1) Overcharge the

whole battery until the low cells are brought up to the

proper point, being careful not to damage other cells in

the battery. (2) Cut the low cells out of circuit during one

or two discharges and in again during charge. (3) Give

the defective cells an individual charge. Before putting a

cell that has been defective into service again, care should be

taken to see that all the signs of a full charge are present.

Sediment in Cells—During service, small particles drop

from the plates and accumulate on the bottom of the cells.

This sediment should be carefully watched, especially under

the middle plates where it accumulates most rapidly, and

should never be allowed to touch the bottom of the plates

and thus short-circuit them. If there is any free space at

the end of the cells, the sediment can be raked from under

the plates and then scooped up with a wooden ladle or other

non-metallic device. If this method is impracticable, the

electrolyte, after the battery has been fully charged, should

be drawn 05 into clean containing vessels; the cells should
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then be thoroughly washed with water until all the sediment

is removed, and the electrolyte should be replaced at once

before the plates have had a. chance to become dry. In

addition to the electrolyte withdrawn, new electrolyte must

be added to fill the space left by the removal of the sediment;

the new electrolyte should be of 1.3 or 1.4 513. gr. in order to

counteract the efi'ect of the water absorbed by the plates

while being washed. If at any time any impurities, espe

cially any metal other than lead or any acid other than

sulphuric acid, gets into a cell, the electrolyte should be

emptied at once and the cells thoroughly washed and

filled with pure electrolyte.

Idle Batteries—If a battery is to be idle for, say, 6 mo. or

more, it is usually best to withdraw the electrolyte, as fol

lows: After giving a complete charge, siphon or pump the

electrolyte into convenient receptacles, preferably carboys

that have previously been cleaned and have never been used

for any other kind of acid. As each cell is emptied, imme

diately refill it with water; when all the cells are filled, begin

discharging and continue until the voltage falls to or below

1 volt per cell at normal load, and then draw off the water.

Putting Battery Into Commission.—To put an idle battery

into commission, first make sure that the connections are

right for charging; then remove the water, put in the elec

trolyte, and begin charging at once at the normal rate.

From 25 to 30 hr. continuous charging will be required to

give a complete charge.

Sulphating.—Lead sulphate is practically an insulator.

Some of this material is fcrrned in all lead-sulphuric-acid

storage cells on discharge and is reconverted to lead oxide

or lead peroxide on recharging the cell. If present in excess—

ive quantities, the sulphate adheres to the plates, especially

the positive, in white insoluble patches, preventing chemical

action, increasing the resistance of the cell, and causing

unequal mechanical stresses that may buckle the plates.

The most frequent causes of sulphating are overdischarging,

too high specific gravity of electrolyte, and allowing the

battery to stand for a considerable length of time in a. dis

charged condition. In case white insoluble sulphate appears
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on the platesI the battery should be given a long-continued

charge at somewhat below the normal 8-hr. rate, until the

cells give all the signs of a full charge and the plates have

resumed their normal color. In badly sulphated cells. the

color of the positive becomes lighter than normal and the

negatives considerably darker.

At the end of a complete charge, the gassing sometimes

throws 05 small particles from the plates; these particles

lodge on‘ top of the cell as a white powder that may be

easily brushed off and that is not injurious unless allowed

to accumulate in too great quantities.

GENERAL DATA ON STORAGE CELLS

Storage-battery cells can be made up of almost any number

of plates desired. Both outside plates in each cell are

nagative; hence. the number of plates in a cell is always odd.

From the data given in the accompanying tables, the capacity

of cells with any number of plates can be calculated. For

example, a nine-plate type F cell has four pair of plates and

a 40-ampere, 8-hr. capacity, or 10 amperes per pair; hence,

a fifteen-plate (seven-pair) cell must have a 70-ampere. 8-hr.

capacity, and a twenty-seven-plate (thirteen-pair) cell a

130-ampere, 8-hr. cepacity. In making estimates of the

room occupied by a given battery. about 1} in. clearance

should be allowed between glass jars, 2} in. between metal

tanks, and 2 in. between wooden tanks.

STORAGE BATTERY REGULATION

End—Cell Switches—When a battery begins to discharge

after receiving a full charge, the E. M. F. is about 2 volts per

cell, but this drops slowly to about 1.9 volts per cell, and then

more rapidly to the point where discharge should cease. In

order to keep the voltage at the battery terminals constant.

some of the cells near the end of a battery may be arranged

to be cut into circuit. one by one, as the voltage falls, by

means of end-cell switches. Some end-cell switches are opera

ted by a worm—gear and screw run by a small motor controlled
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from the front of the switchboard; incandescent lamps on

'the front of the board indicate to the attendant the exact

position of the switch and the number of cells in circuit.

The connection can be made so that the motor, after being

started by the attendant, will stop automatically as soon as

one additional cell has been cut into or out of circuit.

Boosters and Booster Connections—Since the final voltage

of a cell when charging is from 2.4 to 2.7 and the voltage on

Vol/mr/fl
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FIG. 6. SHUNT BoosrsR Cormecrxous

beginning to discharge is only 2, the charging voltage must

be about 35% higher than the line voltage across which the

battery is used. If a circuit is supplied sometimes by a

dynamo and sometimes by a storage battery that is charged

by energy from the dynamo, it must be possible either to

raise the voltage of the dynamo while charging the battery,

or else to use an auxiliary dynamo in series with the main

dynamo to raise, or boast, the voltage. The field of the
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booster dynamo is easily made reversible, so that during

discharge the battery voltage can be boosted if necessary

Ammeler

+ Bus-Air _

rMm/melzll

 

 

Romany

Ems/cl

Dynamo

 

 

- 8140-81” 0/ Ground

FIG. 7. COMPOUND Boos-mm CONNECTIONS

The booster is usually driven at a constant speed, and its

voltage is varied by field regulation, either manually or

automatically. from maximum in one direction to zero or to

“ELM

"Bus-Bur or hand

Fm. 8. DIFFERENTIAL Boosnzn CONNECTIONS

maximum in the opposite direction, as may seem necessary.

The shunt and compound booster'connection diagrams.I



ELECTRIC BA TTERIES 24?.

Figs. 6 and 7, need no explanation. The differential booster

series field, in two sections E and D, Fig. 8, is connected so

as to oppose the shunt field; section E carries the dynamo

current, which is nearly constant, and section D carries the

line current, which may vary considerably. The adjust

ments are such that when the line current equals the full

dynamo capacity, the line voltage balances the combined

voltage of the battery and the booster and no current flows

through the battery. When the line current exceeds the

dynamo capacity, the eflect of the series field predominates,

and the booster helps the battery to discharge into the line;

when the line current is less than the dynamo capacity, the
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FIG. 9. CARBON REGULATOR

effect of the shunt field predominates, and the booster helps

the dynamo to charge the battery.

Carbon Regulator.—The carbon regulator made by the

Electric Storage Battery Company, consists of piles of carbon

disks k, I, Fig. 9, above which is pivoted a. lever AB actuated

by a solenoid C connected in series with the main line. The

pull of the solenoid C is balanced by an adjustable spring.

The conductivity of the piles of disks depends on the force

with which they are pressed together, which, in turn depends

on the main-line current through the solenoid C. The

booster field is excited by a small dynamo, the field of which
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is connected between the middle point I) of the battery and

a point 1: between the piles of disks. During heavy load,

disks k are compressed and disks 1 are allowed to separate;

current then flows through the path b—d—a—c—k—f. During

light load, the spring pulls the other end of the lever down,

disks 1 are compressed, and disks It allowed to separate;

current then flows through the path e—l—c—a—d—b, that

is, in the reverse direction through the exciter field. The

exciter field is thus automatically excited in either direction,

according to the line load, and the booster is made to assist

  

—l?egu/a//ny Slum/J I

_5”3'8-a-’-'—/'ra/rr m7:

 

  

Rafa/yCanoe/fer
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Fm. 11. COUNTER E. M. F. Svs'ren

or to oppose the battery. The regulator is adjusted by

varying the tension on the spring. , Fig. 10 shows the effect

Of a regulator.

Counter E. M. F. System.—In the counter E. M. F. system

used by the Gould Storage Battery Company, the booster

field current passes through the armature of the counter

E. M. F. generator g, Fig. 11, the field of which is excited by

a coil 5 in series with the main line. Both machines are

driven at a constant speed, and the voltage of g depends

on the strength of the line current; it may be greater than

the line voltage, thus causing current to flow through the

booster field in one direction, or less than the line voltage,

thus permitting the current to flow in the opposite direc

tion. The voltage of g may be made to assist or to oppose

the battery voltage. Adjustments are made by means of

the regulating shunts and the booster-field rheostat.
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ALTERNATING-CURRENT APPARATUS

ALTERNATING CURRENT

An alternating tm'rent is a current consisting of equal half

Waves in successively opposite directions; it flows back and

forth in a circuit with as great regularity as a piston moves

to and fro in the cylinder of a steam engine, but with

much greater rapidity. Alternating currents are usually

represented by curved lines, as in Fig. 1, that indicate the

successive positive values of the current by loops, or

half waves, ab, above a. horizontal line, and negative values

by loops be, below the horizontal line. Distances along the

horizontal line represent time. The points a, b, 1: represent

instants when the current is zero; from a the current in

creases in a positive direction to a maximum value, falls to

zero at b, increases to a

maximum negative

value, and again

decreases to zero at 0,

thus completing a cycle.

FIG. 1 , These cyclesare contin

ALTERNATING-CURRENT Cunve uously repeated‘ usu_

ally 25 to 60 or more times per sec.; the number of cycles

per sec. is the frequency of the current, and the time required

for the current to complete one cycle is a Period. An alter

nation is a half cycle, or a half wave, and is represented by

the curve between a and b or that between b and c. Fre

quency is sometimes expressed as the number of alternations

per min., which equals 2 X60 Xthe number of cycles per sec.

Distances along the horizontal time line are usually expressed

in degrees; thus, from a to b is 180° and from a to 0, one

complete cycle, is 360°.

The curve may also represent an E. M. F., as both the

current and the E. M. F. pass through similar series of

values. The shape of the wave depends on the construc

tion of the alternator producing it, but is usually so

nearly that of a sine curve that little error is introduced
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if the laws governing the sine curve are used in making

alternating-current calculations_

The 81161088 value 01' the current or E. M. F. is the average

of all the ordinates of the curve of one half wave. The

effective value of an alternating current is that which will

produce the same heating effect as the same strength of con

tinuous current. Since the heating efiect depends on the

square of the current, the effective value of an alternating

current is the average of the squares of the instantaneous

currents of one half wave. The effective E. M. F. is the

value corresponding to the effective current. Efi'ective

values are the ones always measured and the ones referred

to in speaking of alternating currents, unless otherwise

  

FIG. 2. MAXIMUM, szmcs. .mn EFFECTIVE VALUES

mentioned. If E, Fig. 2, is the maximum E. M. F. of a half

cycle of a sine curve,

average value= .6365

effective value — .707E = 1.1 1 X the average value

When an alternating E. M. F. and its resulting current

pass through corresponding values simultaneously, they are

said to be in phase with each other. When the E. M. F.

reaches a definite value in the cycle sooner than the current

reaches its corresponding value, the two are out of phase with

each other; the E. M. F. is said to be leading and the current

to be lagging.

Phase difference is always expressed in degrees; a com

plete cycle is 360°. If two currents or E. M. F.’s differ in

phase by 180°, or ‘1 cycle, they will be in direct Opposition

to each other, one being maximum positive at the same

instant that the other is maximum negative; a difference of
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} cycle, or 90°, would make one a maximum and the other

zero simultaneously. Currents or E. M. F.'s differing from

each other 90° are said to be at right angles to each other, or

in quadriture.

Self—induction or inductive resistance in a circuit in which

alternating current is flowing causes a lagging current;

capacity causes a leading current. Both dampen the flow

of current and pre

vent it from rising to

the same value as

would direct current

with the same pres

sure; that is, they

¢=A”9/’ "/1"? act, with alternating

Resistance-BI current, as additional

Fm. 3 resistance in the cir

cuit. With ohmic

resistance alone in the circuit, the current is in phase with

the E. M. F.; with inductive resistance alone, the current

lags 90° behind the E. M. F.; with capacity alone, the cur

rent is 90" ahead of the E. M. F.

The alternating E. M. F. E; impressed on a circuit may be

considered as made

up of components. Enumm =3

one in phase with the

  

Igeacminas

'21:nl

  

  

U

‘3

current and one at loll, § 3
. . e ‘_

right angles to it. d¢qce§ g a:

The resistance R in the _ a "

circuit multiplied by [Q

the current gives the "to a

component of the Fig.4

E. M. F.in phase with

the current. The reactance multiplied by the current

gives the component at right angles to the current. The

imPedance of a circuit is that quantity which multiplied

by the current gives the impressed E. M. F. If alter

nating current with frequency in is flowing in a circuit

containing resistance R ohms and self-induction L henrys,

but no capacity, the reactance is 21rnL and the impedance
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UR9+(21mL)'*‘. (See Fig. 3.) In a circuit containing

resistance R ohms and capacity C farads, but no self-induc

. . 1 .
tmn, the reactance is 2mm. and the impedance.

\iR2+(2_fl:l_C)2_ (See   

____>E

Fig. 4.) In a circuit con- ::

taining resistance, induct— g °

ance, and capacity, the gg

. 1 :
reactance 15 21mL 21mg. 3

and the impedance is 5

__—___.___ o
1 2

VR2+(21rnL—2—-—1mc) - Fm. 5

reactance

In any case tan 45 = . or, for inductive circuits, tan
resistance

 
¢ =2nlgL, and L=%é, where (i is the angle of phase

difference.

The power factor of a circuit is the ratio of the real watts

to the apparent watts. The real power in watts equals the

product of the volts E, the amperes l. and the cosine of

the angle it, or E! cos ¢. For example, if, in an induct

ive circuit, the ratio of the watts El cos ¢, measured

by a wattmeter, to the volt-amperes El, measured by a

voltmeter and an

a ammeter, respective

‘5 1y, is .866, then the

-: power factor cos ¢

E g; = .866, it =so°. Tan

:1 21mL

fig95:11:12.: 4’ = '57735 = R

l’u wer Component flfE .57735R

and L = -2—.

FIG. 6 1'"

from which, if R

and n are known, L may be determined.

Wattless Current—If the current and the E. M. F. are out

of phase, either may be considered as made up of two com

ponents. For example, if the current lags by an angle 0!
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5--5?"?ma27.76°
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¢ degrees, the power companent I cos rb is in phase with the

E. M. F. and the wattless component 1 sin ¢ is at right angles

to the E. M. F., as in Fig. 5. In like manner the com

ponents of the E. M. F. with reference to the current are the

power component E cos o and the wattless component

E sin ‘11. as in Fig. 6.

Wattless current adds very little to the load on a. system,

but its heating effect on electric circuits is as great as if it

were in phase with the E. M. F.; hence, it is an object to

keep the power factor (cos ii) as high as possible.

PROPERTIES OF ALTERNATING-CURRENT CIRCUITS

In the accompanying table. R is the resistance in ohms,

L the inductance in henrys, C the capacity in farads, and

n the frequency.

For example, if 3 amperes of GO-cycle alternating current

is flowing through 10 ohms, .5 henry, and 500 microfarads

(.0005 farad) in series, the reactance is

l
2Xa'l‘nfixsox'5_2><3fi6><60><.0005

The impedance is 4102+183.22=183.5; the E. M. F. for

a current of 3 amperes is 3X183.5=550.5 volts; the power

10
factor, cos 1)=m= .0546; and 4: = 86° 52’.

=183.2

 

ALTERNATORS

Alternators are single—phase if they generate a single alter

nating E. M. F., and polyphase if they generate two or more

E. M. F.'s that differ in phase by a fixed amount. Two

phase, or quarter-phase, alternator: generate two E. M. F.'s

that differ in phase 90“. or } cycle. Three-phase alternator:

generate three E. M. F.'s that differ in phase 120°, or Q cycle.

Since it is not necessary for the brushes on the collector

rings of an alternator to occupy any definite relation with

regard to the poles, altemators can be built with a stationary

armature and revolving field as readily as with a revolving

armature and stationary field. The stationary armature

offers better facilities for thorough insulation and is now
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very widely used, particularly for machines of large output

and high voltage.

If a coil C, Fig. 7, is moved horizontally so that its center

falls successively under the centers 0, b. c of field poles, there

will be generated in the coil an E. M. F. represented by the

curve a' b' c'. During this movement. the coil will pass

one pair of poles, or twice the pole pitch a, b, and the E. M. F.

will pass through one complete cycle of 360°.

Since the frequency 11 is the number of cycles per see,

p p R. P. M._p><R. P. M.

”=§‘=§X 60 _ 120 '

 

  

 

 

 

we»

 

  
 

FIG. 7. SECTION or ALTERNATOR DEVELOPED

in which p is the number 'of poles. r the revolutions yer

second, and R. P. M. the revolutions per minute.

ELECTROMOTIVE FORCE OF ALTERNATORS

The form of the E. M. F. wave of an alternator is affected

by the ratio of the pole arc to the pole pitch; if this ratio is

small and the flux thereby concentrated into a. comparatively

small space. the curve will be more peaked than if the pole

arc is greater, thus permitting the flux to be more widely

pole arc ,

pole pitch '5

usually .5 to .7, and the pole pieces are usually so shaped

distributed. In modern alternators, the ratio
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that the E. M. F. is very nearly in the form of a sine wave,

in which case the E. M. F. is expressed by the formula

4.44'9
E=

 3k”.

where ¢ is the flux per pole, T the turns in series per phase

MAME

W
\S‘l'flg/e-Phaae One .570! per Pole

(a)

[1thth

I 2 - I 2

Twa~Phnsa

00¢ 670/ per Po/e pe/ Phase

kw = 1

(b)

hihlhl

l 2 3 I 2

Th'91! — Phase

0110 670! per Pofc par Phase

kw=1

(6)

E:

LAMth

6/‘hgle-PhaJ-e Two 670/: Inc!M

s=30° kw =. 966

(d)

I

N S N S

8 I 2

Two -Pha.s-l

Two Slot: per Pale per Fhasw

S=sl5 ° kw =1)?!

(0)

hi lil h] [il

l 2 3 I 2

Three —Phase

71w J/o/a Per Pa/o per Phasl

s=3o° kw=.966

(f)

Fm. 8. ALTERNATOR ARMATURE WINDINGS

on the armature, n the frequency, and kw a constant depend

ing on the style of winding.

The value of the constant kw is given in the following

table and in the diagrams shown in Fig. 8.
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Angular
Number Nugl‘gfsr of Distance _

o r Pol Between kw Diagram

Phases p: Phase Slots

pe e Degrees =S

Any 1 1 (a). (b). (6)

1 2 30 .966 (d)

1 2 60 .866

1 3 60 .667

2 2 45 .924 (e)

2 3 30 . 91 1

2 4 22 .5 .906

3 2 30 . 966 (f)

3 3 20 .96

3 4 15 .958

   

 

machines is less than 1%.

srza OF excrreas FOR ALTERNATORS

The power required for the field excitation of alternators

seldom exoeeds 2% of the alternator capacity, and in large

Where two alternators and two

exciters are installed, each cxciter should be large enough to

 

 

 

Alternator Exciting Size of

Current Exciters

Poles K. W. Speed Amperes Kilowatts

l

10 30 1,500 4 . 5 2 1»

10 60 1.500 6 21

12 90 1,250 8 2 l»

14 120 . 70 10 2 k

20 180 750 15 2k

32 300 470 50 7!

40 400 375 65 9

8 60 900 6 .5 2}

8 90 900 7 . 5 2}

8 120 900 9 .5 2

12 180 600 14 . 5 2

1‘ 300 450 20 3
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excite both alternators. The accompanying table shows the

approximate exciting current (at 110 volts) for a number of

General Electric alternators, together with the size of

exciter used.

TWO-PHASE ALTERNATORS

A two-phase armature winding has two sets of coils A, B,

Fig. 9; each set forms a series, of which the terminals are

  

  

smmum,

  

F113. 9. TWO-PHASE WINDING

usually connected to separate insulated collector rings, thus

forming a two-phase. four-wire system, shown diagram

matically in Fig. 10. Each set of coils generates a single

phase E. M. F.; and, since the centers of the coils are always

one-half a pole pitch, or 90°, from each other. the two
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E. M. F.'s are 90°, or l- cycle, apart at all times‘ and may be

represented by curves, as in Fig. 11. The windings of each

 

PM“ 1.

  

Fie. 10. TWO-PHASE, FOUR~WIRE SYSTEM

 

J -_
,/

'“-
,/"'\ /’

r />\\ \\ /./

é. . \.\{M \‘270. can. It!

D—bl\. \ / "w ’

\ . /
\ \

.pv' \~\___/’>(‘/\__,/

FIG. 11. TWO-PHASE CURRENT Cuxvzs

[ammo/v Relurrr Wire

{Q g Phase /

Phan- 2

__\
FIG. 12. TWO-PHASE, THREE-WIRE SYSTEM

  

 

phase may lie in one slot per pole per phase, as shown in

Fig. 9, or in more.
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If one end of each phase is brought to the same collector

ring, as in Fig. 12, a two-phase. three wire system is formed;

this system is easily unbalanced and is seldom used.

The monocyclia system, Fig. 13, is essentially a single

phase system with a so-called teaser winding displaced 90°

from the main winding on the alternator: that is, the two

windings occupy the

same positions rela

tive to each other,

as do the two wind

ings of a two-phase

m a c hin e . T h e

teaser winding, how

ever, has only one

fourth as many

turns as the main

winding. One end

of the teaser winding

is connected to the

middle point of the

main winding, and

the other to a col- Fm. 13_

lector ring. The ob

ject of the teaser winding is to produce an E. M. F. slightly

out of phase with the main E. M. F., so as to produce a

rotating field for motors. The system is not much used.

wmm»;

  

-n_-f__-__-_ 4

Moxocvcuc SYSTEM

THREE-PHASE ALTERNATORS

Three-phase armatures have three sets of coils, A,B,C,

Fig. 14, the coils of each set, or phase, being displaced from

adjacent coils of each of the other sets 120°, or '1‘ cycle.

The coils may be in one slot per pole per phase, as in Fig. 14,

or in more, but seldom over four. One terminal of each

phase may be joined to a common connection inside the

machine and the other brought out to a collector ring, thus

forming a three-wire V, or star, connection, as in Fig. 15,

where 1, 2, 3 represent collector rings; or, to each of three

collector rings may be joined terminals of two phases.

thus forming A (delta), or mesh, connection, as in Fig. 16.
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F10. 14. THREE-PHASE WINDING

mmmmmM

 

V Conuncnou15.Fm.
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Sometimes, when an alternatOr is to supply current for both

lamps and motors, U”,

the Y connections are

used with a fourth

collector ri n g , t o

which the common

connection is joined

and from which a

fourth line wire leads

to the external cir

cuits. The three

main wires lead to the motors,and the lamps are connected

between the main

wires and the fourth,

or neutral, wire.

As three-phase

windings are fixed

120° apart, the three

E. M. F.'s are always

120° apart. If the

system is balanced,

F 17 that is, the three

THREE—PHASBKEURRENT CURVES currents emetiy

equal, the algebraic

sum of the ordinates of the curves (Fig. 1?) representing

the currents is zero,

and under such con

ditions no current

would flow in the

neutral of a Y-con

nected, four - w i re

system.

T h e E . M . F .

between any two

lines of a three-wire,

Y-connected a r m a

ture is the resultant

of that generated in

two phases, and may be calculated as shown in Fig. 18. The

  

FIG. 16. A CONNECTION

  

 

  

FIG. 18. THREE-WIRE V CoNNecrrONs
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current in each line is the same as that through the phase to

which it is connected. In a A system, the voltage between

any two lines is that generated in a phase, but the current

in a line is the resultant of the currents in the two phases

supplying that line.

Let E = volts between lines;

6 = volts generated per phase;

I = current in each line;

i = current in each phase.

Then, for Y connections,

E=EV§; e=—E:;andI—i

13

For A connections,

E=£;I=iV§;andi-L

‘5

In either case, with a non-inductive load, the watts output

W is 3£i= V551. If the load is inductive, the formula

for the output becomes

W = fiEI cos o,

where cos ¢ is the power factor. This formula is general,

since with a non-inductive load 95—0, cos ¢=1, and IV

= V3131, as before.

ALTERNATORS WITH CLOSED-CIRCUIT ARMATURE

WINDINGS

Closed Circuit Windings.—I£ a closed-circuit armature wind

ing for a two-pole machine is tapped at four equidistant

points, as shown in Fig. 19, and the points are connected

to collector rings, a quarter-phase, or two-phase, current

can be generated. If it is desired to operate a two~phase,

three-wire system from such machine, three of the collector

rings, or taps, are used. If a. three-wire, two-phase system is

operated from connections I, 2, 3, one phase is between I and

2 and the other between 2 and 8. If the E. M. F. per phase

with the four-wire arrangement is E, then the E. M. F.

between adjacent connections one-half pole pitch apart is5.

\‘5

If a three-phase, two-pole machine is required, the closed~

mrcuit winding is tapped at three equidistant points. or
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points twu-thirds pole pitch apart. Multipdar alternators

with an ordinary multiple winding require a tap to each

ring for each pair of poles; a series-wound, two-circuit, multi

polar armature requires only one tap for each ring, the

angular displacement of these taps depending on the number

of poles and the number of phases. Alternators with closed

circuit armature

windings a re n o w

seldom built.

COMBINED

OPERATION OF

ALTERNATORS

Alternators are not

operated in series for

two reasons: (1) un

le ss the armatures

were rigidly con

nected together so

that their phase rela

tion would remain

fixed, the machines

would fall into exact

Opposition and would

supply no energy to

the circuit; and (2) 1!

series operation is I? 2.1] 1'

necessary 0 111 y for

the purpose of in

creasing voltage, and

with alternating current, the voltage is more easily raised by

means of transformers.

  

Cb/lacfar Mk9:

 

 

 

 

 

 

FIG. 19. CLOSED-COIL VVINDING

ALTERNATORS IN PARALLEL

In order to operate alternator: in parallel, they must each

generate the same voltage and they must be in synchronism

or in step. The state of synchronism of two alternator:

may be ascertained by means of incandescent lamps. l!
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the E. M. F.‘s of the alternators are low enough so that

their combined voltages can be safely impressed on a series

of lamps, the series may be connected directly between

corresponding terminals of the two machines, as shown by

dotted lines, Fig. 20: if the voltages are high, a small

reducing transformer is used with each alternator. The

connections may be such that the lamps will be dark at

synchronism,in which case the machines can be connected

in parallel at the middle of a dark period that is several

seconds long. By interchanging the connections of either

 

‘Jymrh/afl/zmg Plug

  

Fro. 20. SYNCHRONIZING WITH LAMPS

the primary or the secondary of either transformer, the

lamps may be made to show light at synchronism.

When used to indicate synchronism of polyphase machines,

the lamps must be connected across the same phase of the

several machines, as in Fig. 21. The correct connections

for two alternators can be found by using the regular pair of

synchronizing transformers across one phase of each machine

and an auxiliary pair across another phase; the phase con

nections should then be changed until the lamps of both
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pairs of transformers act in unison; that is, become light or

dark simultaneously. after which the auxiliary transformers

may be removed, as the others are then known to be properly

connected.

Synchronizing With Voltmeters.—Synchronizing lamps do

not indicate the phase relation close enough to parallel large

altemators, without a considerable momentary exchange of

current. An arrangement of connections may be made so

that at perfect synchronism the station voltmeter of the

Ll'ghl of Syncfirflhl‘s/h
  

Fans/elm”

  

ficceplar/es

  

‘W—Q

flack/ha I'lach/r/e Nashwe

Na./ No. 2 N0.3

   

FIG. 21. SYNCHRONIZING THREE-PHASE ALTERNATORS

incoming machine will indicate normal E. M. F. of the system.

that is, the indicator will be on that part of the scene

where it will be sensitive to very slight phase differences.

With the synchronizing connections shown in Fig. 22, volt

meter d is in series, through ground, with coils e and h. If

the plug for reading voltage were substituted in receptacle b.

voltmeter d would be in series with coils g and h. Hence, in
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synchronizing machine No. 2, the efiect of coil e on volt~

meter dis substituted for that of coil g when reading voltage;

and since coils e and g are symmetrically connected to the

two altemators, voltmeter d. with connections as shown,

will read full voltage when the machines are in synchronism.

Synchronizing lamps are also shown. connected so that they

will be dark at synchronism.

 

Pl 0! Mae/u)" P/ w . P/u; for Mar/meS gin/n»; "If I»; BE/ng Sync/"'0'!!de
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To Mar/w" 7 a

No I No. 2.

FIG. 22. SYNCHRONIZING WITH Von-memes

Lincoln Synchronizer.—-The Lincoln synchmm'zer, Fig. 23,

by the vertical position of its pointer h, indicates exact

synchronism, and also by slow movement of the pointer

clockwise or counterclockwise, indicates whether the in

coming machine is running too fast or too slow. The

instrument contains a laminated-iron field frame and poles,

the exciting coils of which are connected in series across

the secondary of the bus-bar potential transformer, and a
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laminated-iron armature core having two coils C, D at right

angles to each other.

The armature coils

are connected in

parallel, through col~

lector rings 1, 2, 3,

across the secondary

of the alternator

potential trans

former. One arma

ture coil D has an

inductance in series,

and the other C a

resistance, so that

the current in D lags

approximately 9 0 °

behind the alternator

E. M. F. E’. The

inductance of t h e

field coils makes the

Binding Posts

  

  

finding Posts

(0) Face

 
 

75 BUS-b0! Poly/Ilia!

Fans/armer
  

Pa ntv'

/ Anna. .4/8 earl
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/flD/llClarmk r-_J Reilly/DINO

 

  

 

 

 

  

 

 

’5 Allerna/nrfiflenl/d

Fang/em;

(17) Connections

FIG. 23. LINCOLN Svucmzomzen

field current lag nearly 90° behind the bus-bar E. M. F. E



266 ALTERNATORS

so that when the incoming machine is in exact synchronism

with the machines already running, the magnetism set up

by the field current will cause armature coil D to assume a.

vertical position.

Synchronize! Connections—The diagrams in Fig. 24 show

synchronizer connections as viewed from the back of the

switchboard. Binding posts a, b are for the field coils;

post 2 is connected inside the instrument through a collector

ring with the junction of the two armature coils; the two

    

firs/Mm- millm

Rent/Inc: Au ,— “Rm/Inca In:
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E

A(3

MyfinepMe/n

twp—*—WM in

%v_/

Ungroundzd Secondarics Grounded Secomiaries

F104 24. LINCOLN SYNCHRONIZER CONNECTIONS

other armature terminals are connected through collector

rings inside with binding posts 0 and d, which are connected

with posts 6' and d’ on the rcsistance-reactance box. The

lamp on top of the box is connected between posts 4" and f,

and serves as a non-inductive resistance; the box 8150 con

tains an inductance connected between posts d' and f.

With connections as shown, the synchronizing lamps will

be dark at synchi'onismv
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Automatic Synchronizer.—The automatic synchronizer,

Fig. 25, made by the Westinghouse Electric and Manufactur

ing Company, consists essentially of two solenoids acting on

cores hung on opposite ends of a rocker-arm. The right

hand solenoid is connected so that it receives full current at

synchronism, like a lamp that shows light, and the other so

that it receives no current, like a lamp that is dark at syn

chronism; therefore, the right-hand end of the rocker-arm

is at its lowest position at synchronism. One element of a

dashpot is hinged to the rocker-arm near the left-hand end,

and the otherelement

is connected through

a lever and link to a

disk a of insulating

material mounted on

a short shaft in line

with the pivot of the

rocker-arm. On the

disk is a contact piece

17 long enough to

bridge the gap be

tween a stationary

finger c and a finger d,

which oscillates with

the rocker-arm, when

the distance between

the two fingers is a

minimum.

W h e n t h e t \v o

E. M. F.’s are approaching synchronism, the oscillations

of the rocker-arm are so rapid that both elements of

the dashpot move almost in unison, thus drawing the con

tact piece b away from the finger c every time finger d

approaches finger c. The nearer synchronism is approached,

the slower beeome the oscillations, thus permitting the

lower element of the dashpot to remain nearer its lowest

position, until, at synchronism, piece b and fingers c and d

are in positions to close a circuit, which, by means of a relay

switch. causes the electrically operated main switch to close.

  

Flo. 25. AUTOMATlC Syncnxomzsa
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This condition cannot occur unless the two voltages are

also equal, for otherwise the left-hand solenoid will receive

some current even at synchronism, and the rocker-arm will

not assume the correct position.

Conditions for Parallel Operation of Alternators—Connec

tions for parallel operation of three-phase alternators are

shown in Fig. 26. When alternators are run in parallel, the

output of each machine is proportional to the power supplied

it by its prime mover. In addition to a voltmeter and an

ammeter, each machine should therefore have an indicating

wattmeter to show its output. If either machine fails to

carry its share of the load, its prime mover should be adjusted

to supplv more power. The field current of each alternator

should ‘be adjusted until, for a given total output from the

station, the sum of the readings of the machine ammeters

will be a minimum; that is, until the exchange of wattless

currents between the two machines is a. minimum.

ALTERNATING-CURRENT MOTORS

SYNCHRONOUS MOTORS

Syrwhronous motors are so called because they run in

synchronism with the alternator supplying the energy to

drive them. Their construction is almost identical with

that of alternators, and the fields must be excited by direct

current the same as alternators.

Single-phase synchronous motors are not self-starting, and

hence are little used; polyphase synchronous motors start

with about 25% of full torque, but require a very large,

starting current. Because of their low starting torque and,

excessive starting current, synchronous motors are used,

only in the larger sizes and where frequent starting with 5;

load is unnecessary. Their most frequent use is as rotary‘

converters, which are never required to start with load and

are usually provided with means for limiting the starti

current.
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When starting a polyphase synchronous motor with

alternating current, an alternating magnetism is set up in

the field poles. This magnetism lags behind the current

causing it, so that the magnetism set up by one phase reacts

enough on the current in the following phase to produce a

small starting torque. With solid pole pieces, eddy currents

in the pole faces will increase the starting torque.

The alternating magnetism in the field poles induces

E. M. F.'s in the field coils, and if all the coils are in series,

these E. M. F.’s are added, making a. pressure between field

terminals so high that the insulation may be punctured.

For this reason, a field break-up switch is usually provided,

so that the field circuit can be broken up into several parts

when starting with alternating current.

The speed of a synchronous motor is fixed by the fre

quency of the supply current, but the amount of current

taken from the line depends on the motor excitation. For

a given load, the excitation can be so adjusted that the

current is in phase with the line E. M. F.——that is, so that

the power factor will be unity—in which case the current

will be a minimum. If the fields are overexcited, the motor

current will lead the line E. M. F.; if under-excited, the

motor current will lag. A synchronous motor can therefore

be made to act like a condenser of large capacity or like an

inductance.

If s is the speed of a synchronous motor in revolutions per

sec., p the number of poles, and n the frequency of the

supply current, s=2n+p, and the revolutions per min.

=120n-z-p.

INDUCTION MOTORS

Polyphase induction motors are self-starting and have

considerable torque. They always consist of two essential

parts; namely, the primary, or field, to which the line is con

nected, and the secondary, or armature, in which currents

are induced by the action of the primary. Either of these

parts may be the revolving member, but, generally, the field

is stationary and the armature revolves, giving rise to tl‘

names stator and rotor, respectively.
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Two or more currents differing in phase are led into the

stator, thus producinga revolving magnetic field that induces

currents in the rotor conductors. In order to have any

induced currents in the rotor, there must be a difierence

between the speed of the rotor and that of the revolving

field. When the load is very light, the motor runs very

nearly in synchronism, but the speed drops off as the load

is increased. This difierence between the speed of the

rotor and that of the field for any given load is called

the slip. In well-designed motors, the slip varies from 2

to 7% of the synchronous speed, depending on the size of

the motor. If .r’ represents the speed of the rotor and s

the synchronous speed, or speed of the revolving field in

revolutions per sec., then

slip (rev. per sec.)=s—s’,

or, expressed as a percentage of synchronous speed,

slip (%) = ——(S_ S2 1%

Synchronous speed is determined the same as for syn

chronous motors by the frequency n and the number of

poles p; thus,

Step

1’

Reversing Direction of Rotation.—To reverse the direc

tion of rotation of an induction motor, it is necessary to

reverse the rotation of the revolving magnetism set up by

the field windings. In a two—phase four-wire motor this can

be done by reversing the current in either of the phases;

that is, by interchanging the connections of the two leads of

one phase. To reVerse a two-phase, three-wire motor, inter

change the two outside leads. A three-phase motor can be

reversed by interchanging the connections of any two motor

leads.

Speed Regulation of Induction Motors—Generally speak~

ing, the induction motor is not so well adapted for variable

speed as the direct-current motor, although its speed can

be varied through a considerable range. This is usually

accomplished by providing the rotor with a three—phase

V-connected winding and connecting a variable resistance
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in series with each phase, as shown in Fig. 27. The three

terminals of the winding are connected to collector rings

mounted on the shaft, and the rotor current flows by

way of the rings through the resistances. By means of a

three-pronged arm, the resistance in series with each phase

of the rotor winding can be varied from the full amount

to zero, thus varying

the speed from mini

mum to full speed.

  

Cellular

  

METHODS OF

STARTING INDUC

TION MOTORS

A polyphase induc

tion motor can be

started by connecting Mslkfance

its stator directly to

the line, but the sud

den start and the large

rush of current makes

this method objection

able for any but small

motors. To obtain a

smooth start, the volt

age applied to the

primary may be

reduced either by FIG- 27

inserting a resistance SPEED—REGULATOR CONNECTIONS

in the primary circuit or by an autotransformer; or. a

resistance may be inserted in the secondary circuit at

starting and cut out when the motor comes up to speed.

Starfing Compensator.~—The rotor windings of most

induction motors consist of copper bars lying in slots on the

peripheries of the cores; all the bars of an armature are con~

nected to short-circuiting rings—one ring at each end of the

core. The winding resembles the wheel of a squirrel cage,

hence the name squirrel-cage winding. It would be diflicult

to use a variable resistance in series with a squirrel~cage

winding, and such a motor is therefore started by cutting

ArmaR/MM'fld/hy
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down the voltage applied to the primary, usually by means

of an autotransformer, called, in this connection, a starting

compensator. or autnstarter, connections for which are shown

in Fig. 28.

When the double-throw starting switch is closed in the

starting position, the current for each phase of the motor

flows through a portion of an autotransformer coil, which

portion can be changed to suit the starting conditions of the

motor with which the compensator is to be used. The com

pensator thereby reduces the starting voltage, and when the

l  

FIG. 28. STARTING COMPENSATOR

motor has attained full speed on the reduced voltage, the

switch is thrown over to the running pOsition, thus applying

the full line voltage to the motor. The fuses are usually

connected so that they will be in circuit in the running

position, but not in the starting position, where they might

be blown by the large starting current.

Since the torque of an induction motor decreases as the

square of the applied voltage, starting compensators cannot

be used where very strong starting torque is desired. In

such a case,0ne manufacturing company mounts a resistance
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of sufiicient capacity on the rotor spider to carry the rotor

current while starting, the arrangement being such that the

resistance can be cut out as soon as full speed is attained,

leaving the rotor winding short-circuited.

SinglkPhase Induction Motors.—Single-phase current will

not produce a revolving magnetic field in an induction motor

if the armature is stationary. If, however, the armature is

started in rotation by repulsion efl'ect or otherwise. a form of

revolving magnetic field is set up and the armature will

continue to rotate. Motors are also started by displaced

E. M. F‘.’s that are obtained from single-phase circuits by

splitting the phase. This is done by providing the motor
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stator with a polyphase winding; all the phases are connected

to the single-phase line, but the several currents are made to

difl'er from each other in phase by the use of resistances and

inductances as shown in Fig. 29. The current in the phase

having the inductance will lag enough behind that in the

phase having only resistance in series to cause the magnetic

field to revolve. Phase splitting is needed only at starting;

hence, the resistances and inductances are usually switched

out of circuit as soon as full speed is attained, the connections

being such that the motor will then run as a single-phase

machine.
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FULL-LOAD POWER FACTORS OF INDUCTION

MOTORS

The power factor: of induction motors are always less than

unity, being highest at full load and decreasing as the load

decreases. The following are average full-load values:

   

 

  

 

 

  

Brake H.P.. . . . .02 5 10 25 5O 75 \ 100

Power Factors

Polyphase...... .78 .SC .85] .87 i .88 , .89 ‘ .90

, .

Single—phase.... .72 .75 .80 f .83 l .85 ‘ t

 

 

ROTARY ‘ CONVERTERS

If two collector rings are mounted on the shaft of a closed

circuit bipolar armature, and connected to opposite points

on the armature winding (or to opposite commutator bars),

as in Fig. 30, single-phase alternating current can be taken

  

Fro. 30 FIG. 31

from the collector rings at the same time that direct current

is taken from the commutator. The voltage between the

collector rings is a maximum when the bars to which the



ALTERNATING—CURRENT MOTORS 275

rings are connected are under the brushes, and a minimum

when these bars are midway between the brushes. The

maximum alternating E. M. F. therefore equals the con~

tinuous E. M. F. Er, and the effective alternating E. M. F. is

En == .707Ec

If the machine is run as a direct-current motor on 100

volts, single-phase alternating current at 70.7 volts may be

taken from the collector rings; or, it run as a single-phase

synchronous motor on 70.7 volts, continuous current at

100 volts may be taken from the commutator.

1 If two pair of collector rings are used, the connections of

each pair being midway between those of the other pair, as

in Fig. 31, two-phase alternating current can be taken from

the rings when direct cur

rent is taken from the

commutator or when the

  

FIG. 32

machine is run as a direct-current motor. Or, the machine

can be run as a two-phase synchronous motor, and direct

current taken from the commutator. In this case, as with

a single-phase converter,

Ea =- .707Ec

By connecting three rings to three equidistant points on

the winding, as in Fig. 32, both direct current and three

phase alternating current can be taken from the armature

simultaneously; or the machine may be run as a motor with

either kind of current and made to supply the other kind.

If a circle is drawn so that its diameter represents the direct

current voltage E» (see Fig. 33), then the maximum alter

nating E. M. F. is
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En=Ec sin 60°=.8665¢

and the effective alternating E. M. F. is

E= .707X .866Ec = .612E:

Rotary converters are always built multipolar. because

bipolar machines would have to run at excessive speeds to

obtain commercial frequencies. The armatures are either

series- or parallel-drum wound. If series-wound, only one

connection is needed to each collector ring for any number

of poles; if parallel-wound, each ring must have one connec

tion for each pair of poles. Fig. 34 shows connections for

a six-pole, single-phase converter, and Fig. 35, those for

a six-pole, three-phase converter. Rotary converters are

nearly always run as synchronous motors; hence. the

  

Flo. 34

speed depends on the frequency of the current supply and

not on the load taken from the direct-current end.

Since the ratio of direct to alternating E. M. F. in a con

verter remains constant under all conditions, in order to

change the E. M. F. of the current delivered by the con

verter, the applied E. M. F. must be changed. This may be

done by supplying the converter from transformers having

a number of taps, so that the number of effective turns can

be changed, or by the use oi potential regulators or compen

sating autotransformers. If converters are used for sup<

plying direct current where the load is subject to such sudden

fluctuations that hand regulation is impracticable, as in

electric-railway work, the alternating current supplied to
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the collector rings is made to flow through rcactance coils.

The field coils of the converter are compound-wound, so

that at increased loads, the field excitation is increased, thus

raising the power factor, bringing the current and E. M. F.

more nearly into phase, and increasing the effective voltage

at the collector rings. When the load decreases the current

lags and lowers the applied E. M. F.

Inverted Rotary Converter.—The name inverted rotary is

sometimes applied to a converter that is run as a direct

current motor and used to supply alternating current. When

run in this way, the speed increases when the field is weak

ened and decreases when the field is strengthened, but the

ratio of the two E. M. F.'s—direct and alternating—to each

other remains fixed. In order to vary the alternating

E. ‘Vl. F. delivered by the converter, it is necessary to vary

the direct E. M. F. applied to the commutator.

Heating Efiect in Converter Armature—With the excep

tion of single-phase converters (which are not used), the

healing effect in a rotary-converter armature is less than if

the same machine were driven as a dynamo at the same

output. The ratios of the output as a converter to that as a

dynamo with the same heating effect are approximately

as follows: Single-phase, .85: three-phase, 1.34; two

phase, four-wire, 1.64: six-phase, 1.96. Where large units

are required, this has led to the very general use of six-phase

converters.

Double-Current Generator.—A rotary converter may be

run by an external motive power and made to deliver both

direct and alternating current, in which case it is called a

double-current generator. The full output of the machine

may be delivered as direct current, as alternating current,

or partly each, provided the combined output of both does

not exceed the capacity of the machine.

MERCURY-VAPOR CONVERTERS

Cooper Hewitt Converter.—The Camper Hewitt mercury

i‘apor converter, built for charging storage batteries, etc.,

consists of a converter bulb, a panel, a frame, and an auto

tmnsformer. The bulb, Fig. 36, is an exhausted glass vessel
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containing two iron anodes in bottle-shaped glass shields, a

small liquid mercury starting anode. and a mercury cathode.

The connections are shown in Fig. 37. The panel and

supporting frame carry the bulb with its supporting ring

resting on knife edges; the necessary switches and instru

ments; a resistance for use in series with the auxiliary anode

at starting; a cut-out switch that opens the circuit through

the starting s w i t c h

after the converter is

properly started; a

tilting magnet that

automatically tilts the

bulb until the mercury

in the starting anode

comes in contact with

that in the cathode,

thus starting the flow

of current; and a.

regulating 0 oil fo r

adjusting the alt e r

nating E. M. F. applied

to the auto-trans

former.

Near the frame, but

not supported by it.

are the auto-trans

formers. the terminal

board of which is sup

plied with a number

of plug receptacles

into which correspond

ing plugs connected

with the alternating-current circuit may be placed. With a

given alternating E. M. F., the direct E. M. F. may thus be

varied between wide limits. When the transformer plugs

are in place and the switches closed. the starting switch

being so placed that the resistance is connected directly with

the negative battery terminal, direct current flows from the

battery through the ammeter—cut-out coil-sustaining coil

  

Slur/01;

Anode

  

Fiat 36

MERCURY-VAPOR CONVERTER BULB
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tilting magnet—resistance—to battery. This current causes

the bulb to tilt until

the mercury forms a

conducting p a t h be

t w e e n the starting

anode and the cathode.

Most of the current

follows this path,

shunting the tilting

magnet and permitting

the bulb to right itself.

This action breaks the

mercury path and

starts the are, thus

causing the formation

  

I'J‘ Q,

fi/f/‘n;Mary/mt
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Flo. 37 Flo. 38

Convex-raw. CONNECTIONS Rncrnmm BULB

of vapor, through which current passes alternately from the
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two main anodes to the cathode and so back through coils,

ammeter, and battery to the autotransformer, causing the

cut-out switch to open. The alternating current can pass

in only one direction through the bulb—always from the

anode that is momentarily positive to the cathode.

To start with a dead load in place of the storage battery,

the starting switch is so placed that the resistance is con—

nected with the alternating-current line, and the alternating

current tilts the bulb and starts the arc.

General Electric Rectifier.—The General Electric mercury

arc rectifier operates on the same general principles as those

just described, though the bulb or tube, Fig. 38, is different in

shape and the connections differ somewhat. Mercury-arc

rectifiers are used not only for charging storage batteries

and operating small direct-current appliances, but also

for supplying direct current to series arc~lamp circuits;

for this purpose bulbs are made to supply a few amperes

(about 4) at several thousand volts.

TRANSFORMERS

A transformer consists essentially of the parts illus

trated in Fig. 39; namely, a laminated-iron core upon

which are wound two separate insulated coils, the pri~

mary P and the secondary S. The primary coil is

connected to the alternator or supply mains and has im

pressed upon it the primary E. M. F. Ep; the alternating

current thereby set up causes an alternating magnetic flux,

which not only sets up a counter E. M. F. equal and oppo

site Ep in the primary coil, but also sets up an E. M. F. E,

in the secondary coil. If the magnetic flux is Q, the fre

quency n. and the number of primary turns Tp, the counter

E. M. F. when no current is flowing in the secondary is

E _4.44¢T,n

" _ 108 _

The only current then flowing in the primary is the mag

netée-ing current In: necessary to set up the flux w in the

closed magnetic circuit; the magnetizing current is usually a
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very small percentage of the fulHoad primary current of the

transformer.

Assuming no magnetic leakage. the secondary E. M. F. is

4.4441 Tm
/ E Er=———loa

and E—", the ratio of transformation, is ~72, or

I T T;

I

Er — Tr Ep

In a well-designed transformer. there is very little mag

To Alternator.   

To Alternator

FIG. 39. Tanxsromma

netic leakage. The efl'ect of the leakage is to cause a de

crease of secondary E. M. F. when the transformer is loaded.

When a current I, flows through the secondary in phase

with the secondary E. M. F.. a corresponding current I, flows

through the primary in addition to the magnetizing current

In. The magnetizing effects of the current I, and I, are

equal and opposite; that is,

IpT; == [1T3

In a perfect transformeHhat is. one having no hw

teresis or eddy-current losses, or resistance in its windings,
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and no magnetic leakage—the magnetizing effects of the

primary load current and the secondary current neutral
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AUTOTRANSFORMER

and any portion as secondary.

ize each other, leaving only the

constant primary magnetizing

current 1," effective in setting up

the constant flux Q. Such a

transformer, if supplied with a

constant primary pressure, would

maintain constant secondary

pressure at all loads. The best

modern transformers approach

this condition closely, the drop

in secondary pressure from no

load to full load, or the regulation,

being not more than 1 to 3%,

depending on the size.

In an autotransformer, Fig. 40,

there is only one coil, any portion

of which may be used as primary

The ratio of transfor

mation depends on the portions used; if the whole winding

is used as primary and one-third of it as secondary, and

the losses, which are small, are neglected,

Ep=3ES and I,=31p

As the primary and

secondary coils are in

direct electrical contact,

either coil is exposed to

the pressure that may exist

in the other. Therefore,

it would not be safe to

use autotransformers to

reduce high pressures for

any purpose where the

high pressure itself would

be dangerous, as in ordi

nary lighting and power
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FIG. 41

work. Autotransformers fora given capacity are considerable

smaller and cheaper to build than ordinary transformers,



TRANSFORILIERS 283

and are very useful where there is little difi'erence between

primary and secondary pressures or where there is no danger

incurred by the use of either. ‘

In a series, or current, transformer, Fig. 41, the primary

coil is connected in series with the circuit, and the secondary

in series with the device to which the current is supplied.

& the current through the primary increases,the magnetiza

tion in the core increases, thus increasing the voltage in the

secondary. If the resistance of the secondary circuit is

fixed, the secondary current will increase in proportion to

the secondary voltage, and hence in proportion to the cur

rent in the main circuit. Series transformers are much used

on alternating-current switchboards for operating ammeters

and wattrneters

OPERATION OF TRANSFORMERS ON DIFFERENT

FREQUENCIES

Generally speaking, the lower the frequency the large:

must a transformer be in order to deliver a given output

without overheating. A transformer designed for a given

output and frequency can therefore be operated at the same

output on a higher frequency with somewhat reduced heat

ing; but if operated on a lower frequency, it will run

somewhat hotter and the efficiency will be slightly lower.

Transformers designed for 120 or 133 cycles, unless of

modern design, may not therefore give satisfactory service

on a 60-cycle system. Modern transformers, however, usually

have sufficient capacity to be operated at full rating on half

frequency without injury.

At a given primary voltage, the product of the flux and the

frequency must be constant (see formula for counter E. M. F.);

hence, if the frequency is reduced from 120 to 60 cycles. the

flux must be doubled. To set up the increased flux will

require 21} to 3 times as much magnetizing current, which

will ca use some increased heating. The eddy-current loss

varies with the square of the frequency and the mum of

the density; since the frequency is reduced and the density

increased in the same proportion, the eddy-current loss

remains constant at all loads. The hystercuis loss varies
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directly as the frequency and as the 1.6 power of the density:

hence, halving the frequency and doubling the flux will

increase the hysteresis loss from 30 to 35%. The combined

increased losses in

p,,;,,,,, 4,0," magnetizing current

and hysteresis loss

when using a 120

cycle transformer on

60 cycles is not great

enough to cause

injury if the trans

former is well de

signed.

TRANSFORMER

CONNECTIONS

Single—Phase Cir

cuits—In connect

ing transformers in parallel, corresponding primary leads of ,

each transformer must be connected to the same primary

main wire, and the secondary leads must be so connected that

the secondary volt

ages of the trans

formers shall at

every instant oppose

each other. If this

is done, although the

secondary coils are

in series, no current

can flow through

them until the sec

ondary load is ap

plied; but if the

leads are improperly \__- I

connected, the sec- _

ondaries will be

short-circuited on each other. For this reason, after connect

ing the primaries to the line and two of the secondary leads

together, it is well first to join the other two leads through
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FIG. 43. THREE-WIRE SECONDARY
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a fuse, which will blow if the connections are wrong. Con

nections for two-wire and for three-wire secondaries are

plainly shown in Figs. 42 and 43. One secondary lead from

each of a pair of transformers is connected to each outside

wire of a three-wire system, and the other two leads are

joined and connected to the middle wire. The connections

must be so made that the secondaries are in series across

the outside wires; if correct, two lamps in series across the

outside wires, as shown by dotted lines. each lamp intended

for the voltage of

one side of the three- Pfimlw Mai,”

Wire system, W111 _—

bum at full candle»

power.

If an ordinary

core-type trans

former is used on a.

three-wire s y s t e m

and the load becomes

unbalanced, the cur

rent in the heavily

loaded side will set

up a large flux

through the lightly

loaded side, thus

inducing therein a.

high E. M. F. To

prevent this unbal

ancing, the second- Fm. 44

ary coils of core-type

transformers for three-wire secondary systems are constructed

in sections, as shown in Fig. 44, each core carrying the same

number of sections of each secondary coil, so that the volt

ages remain balanced however unbalanced the load may be.

Two-Phase Circuits.—Two-phase circuits, Fig. 45, nearly

always have four wires and are equivalent to two single

phase circuits in which the currents have the same fre

quency and always preserve a definite phase relation to each

other. Both phases are used for motors, half the current
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being drawn from each phase so that the same transformer

capacity must be connected to each phase. For lamps. the

transformers are connected the same as to single-phase

circuits, care being taken to divide the load between the two

phases as nearly equal as possible. If two transformers are

connected in parallel, both primaries must be connected to

the same phase, as in Fig. 45 (a); if connected wrong, as

shown by dotted lines, the secondary currents will be out of

phase and local currents will circulate through the secondary

coils, resulting in waste of energy and unnecessary heating.

The secondaries of a pair of transformers may be joined in

series, as in Fig. 45 (b), with one primary connected to each

phase of the line circuit, thus forming a two-phase, three-wire

secondary system; or the secondaries may be in series and

both primaries connected to the same phase, as in Fig. 45 (c),

forming the regularthree-wire secondary system. In (b), the

voltage between the Outside secondary wires is \f2_. or

1.414, times that on either side, and in (c) the voltage

between the outside secondary wires is the sum of the

voltages on the two sides. The method shown in (b) is

seldom used, since the voltages on the two sides of such a

system are easily unbalanced.

Three-Phase Circuits—When three transformers are con

nected Y, two coils are in series across each phase, and the

voltage on each coil is the voltage per phase divided by

V5, or 1.732. When the primaries are connected Y or A,

Fig. 46 (a) or (c), the secondaries are usually connected in

the same way. In special cases, the primaries may be con

nected V and the secondaries A, as in (b) , but this connection

is not usual as it causes special secondary voltage. When

the three transformers are connected A, each coil must be

wound for the full Voltage. It is possible to use only two

transformers on a three~wire system in open A, or V, con

nection, as in (d), but if one fails, the service is crippled.

PHASE-CHANGING TRANSFORMERS

Alternating current may be transformed from two to

three phases by the C. F. Scott system. Two special trans—

formers A and B, Fig. 47, have their primaries connected to
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the two-phase circuit. The secondary of transformer A con—

tains turns enough to give, between its outside terminals,

the voltage E desired between lines on the three-phase cir

cuit. The secondary of transformer B contains turns

enough to give .87 E; one end feeds directly into one side of

the three—phase circuit, and the other to the middle point of

the secondary of transformer A. One of the three phases

 

  

 

FIG. 47. Soon Pnnsz—Cmcmo Tmusronuea

then, has the voltage E generated by the secondary of trans

former A, and each of the other two has \/(.5E)3+(.87E)2

=E. The same system can be used to transform from three

phase to two—phase currents.

CAPACITY OF TRANSFORMERS FOR THREE-PHASE

INDUCTION MOTORS

A safe general rule to follow in installing transformers for

running induction motors is to allow 1 kilowatt of transformer

capacity for each horsepower of motor capacity; thus, a

20-H. P., two-phase motor would require two 10-kil0watt,

single-phase transformers, while a 20-H. P., three-phase

motor would require three 7.5-kilowatt, single-phase trans

formers—this being a standard size. The following table

will serve as a guide:
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Capacity of Transformers

Kilowatts

Horsepower

of Motor '—

Two Three

Transformers Transformers

1 .6 .6

2 1 .5 1 .0

3 2 .0 1 .5

5 3 .0 2 .0

7 4 .0 3.0

10 5 .0 4.0

15 7 . 5 5 .O

20 10.0 7.5

30 15 .0 10.0

50 25.0 15 .0

75 25 .0

 

 

ALTERNATING—CURRENT WATT

METER MEASUREMENTS

WATTMETERS

Indicating “Intruders—Since the product of volts and

amperes does not give the true watts expended in an alter

nating-current circuit, unless the power factor is unity,

voltmeters and ammeters are not well adapted for power

measurements on such circuits, and wattmeters are almost

universally' used. The Siemens dynamometer type of watt

meter, Fig. 1, has a fixed coil that carries all the current

flowing in the circuit, or a fixed portion of it, and a movable

coil that carries a very small current proportional to the

voltage of the circuit. These two coils are called respectively

the current, or series, coil and the potential, or pressure, coil;

either or both may be subdivided into several parts. The

movable coil tends to rotate until the fields of the two coils

coincide in direction. The average torque existing between

the two coils determines the deflection, and the torque at
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each instant is proportional to the product of the currents

in the two coils at that instant. The product of the instan

taneous currents in the two coils is proportional to the watts

supplied to the lamps

or other consuming

devices, and the aver

age torque is propor

tional to the average

of the watts at each

instant. If the power

factor of the load is

zero, the average of

the instantaneous

watts is zero, and there

should be no deflection

of the movable coil.

If the phase difierence

between the currents

in the two coils is

greater than 90°, the

movable coil reverses

its deflection and the

wattmeter gives a

negative reading. In

three—phase measure

ments, it is quite com

mon to have a phase

difference of more than

90° between the two

currents, causing a

reversal of the watt—

meter deflection.

Recording Watt

meters.—By replacing

the swinging coil of

the indicating watt

4.W

 

013k

 

_

FIG. 3.

  

  

mm

01/ -—

 

P/an

INDUCTION Wnrueraa

meter by an armature that can rotate, and by providing a

suitable braking device whereby the speed will always be

proportional to the driving torque. the indicating instrument
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can be transformed into a recording meter that will register

the watt-hours expended during an interval of time.

A Thomson recording wattmeter, Fig. 2, consists of fixed

coils a,a between and within which rotates the armature

carrying the movable coils b, b, b. The ends of the movable

coils are connected to the silver segments 0,6 of a commu

tator mounted on the upper end of the armature shaft.

The braking device consists of an aluminum disk k, which is

rotated by the shaft between the poles of permanent magnets.

Adjustable shunt, or starting, coil g, in series with the arma

ture, provides a field proportional to the friction, and thus

makes the instrument more accurate on light loads. If the

commutator, the pivot, and the jewel on which the pivot

rotates are kept in good condition, the Thomson wattrneter

will give accurate results on either direct or alternating

current.

Induction wattmeters, as well as voltmeters and ammeters,

can be used only with alternating current. In each instru

ment, alternating

c u r re 11 t electro

magnets are ar

ranged near a disk,

or vane, in which

the alternating

magnetism set up

by the magnets

causes eddy cur

rents to flow. These

eddy currents react

Sec/1'00 on the magnetic

field, and the indi

cation, or record,

made by the instrument is proportional to the force of the

reaction.

In the recording induction wattmeter, Fig. 3, an aluminum

disk is acted on by the fields due to current and potential

coils, and the speed is controlled by permanent magnets

acting on the same disk. The instrument is practically

8. small induction motor, of which the disk is the armature.

  

Aluminum 013% i

a

FIG. 4. ARRANGEMENT OP CorLs
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The potential coil is on one laminated core, between the

poles of which the disk rotates, and the two-current coils

are on a separate core arranged so that the disk rotates past

its poles. The arrangement is shown in Fig. 4.

The inductance of the potential coil, together with addi

tional inductance usually connected in series with the coil,

causes its current to lag approximately 90° behind the cur—

rent in the current coils. Therefore, the eddy currents set.

up by the potential coil are reacted on by the field of the

current coil, causing the disk to rotate.

MEASUREMENT OF POWER ON TWO-PHASE CIRCUITS

If a polyphase system is perfectly balanced, that is, each

phase carrying the same load at the same power factor—tho

Current [ail  

Phwe/ Polen/m/ [all

 

7221/02 70 Zand —->

 

P/zwe)

Fro. 5. Two-Pnase, FOUR-WIRE Svsrem

total power can be accurately determined by measuring

that delivered to one phase and multiplying by the number

of phases. Exact balance, however, is seldom maintained

on any polyphase system.

Two-Phase, Four—Wire System.—To measure poWer on a

two-phase, four-wire system, each phase is usually provided

with a wattmeter connected as shown in Fig. 5. Since each

wattmeter measures the power delivered by one phase

entirely independent of the other phase, the sum of the

readings of the two Wattmeters is the power delivered by

the system. On two'phase circuits, there are also in some



294 WATTMETERS

use recording wattmeters in which two sews of series coils

and two potential coils act on one armature; this practically

combines two single-phase instruments into one that will

accurately measure the power delivered by a two-phase

system whether balanced or not.
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Fm. 6. TWO~PHASE, THREE-WIRE SYSTEM

Two-Phase, Three-Wire System.—In using two watt

metexs on a two-phase, three-wire system, Fig. 6, the cur

rent coil of each meter is connected in circuit with one of the
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outside wires, and the pressure coil, between the same wire

and the common-return wire. For the sake of good regulation,

it is quite essential that a two-phase, three-wire system be

kept almost perfectly balanced, in which case the power can

be measured with a single wattmeter by any one of the fol

lowing methods: In (a), one end of the potential coil is

connected to the return wire, and the other, first to one out

side wire and then to the other, as at a, 0', thus measuring

successively the voltage across each of the two phases.

With the connections of the series transformers and shunt

transformers as shown in (b) and (c), the resultant current

and resultant voltage are in phase; the wattmeter will thus

indicate the power.

MEASUREMENT OF POWER ON THREE-PHASE

CIRCUITS

Use of Three Wattmeters.—In a three-phase V system

where the neutral is accessible, three wattmeters can be used

Curran! Co”

lVeu/ral

  

Fro. 7. THREE WATTMETERS, Y CONNECTIONS

by connecting a current coil of each meter in one of the

lines and the corresponding potential coil between the same

line and the neutral, as in Fig. 7. If the neutral is not acces

sible, as in a A system, an artificial neutral can be made

by connecting three non-inductive resistances between the

lines in the form of a V, as shown in Fig. 8. In either owe,

the total power is the sum of the three wattmeter readings.
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Use of One Wattmeter.——If a three-phase system is bal

anced, one wattmeter can be used by connecting the current

coil in one line and the potential coil between the same line

/Currenf 0017  

7'0 Lodd
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FIG. 8. Times WATTMETERS, L. CONNECTIONS

and the other two through a V resistance, as in Fig. 9; the

total power is the reading of the meter multiplied by 3. Or,

if the load can be maintained constant long enough to trans

£12,027”!

0’ YRes/lsrdnce
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Flo. 9, ONE WATTMETER, VARIABLE LOAD

fer the connection of-one end of the potential coil from one

line to another, as from c to c', Fig. 10, the other end remain

ing connected to the same line as the current coil, the total
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power will be the sum of the two readings when the power

factor is greater than .5. and the difference of the two read

ings when the power factor is less than .5.

Use of Two Wattmeters.—The best and most common

method of measuring three—phase power is by means of two

wattmeters. The current coils are connected in two of the
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Pro. 10. ONE WATTMETER, CONSTANT Lou)

lines, and the corresponding potential coils, between these

two lines and the third line, as in Fig. 11. If the power factor

is greater than .5 (angle of lag less than 60°), both meters

give positiVe readings, and their sum is the total power; it

the power factor is less than .5, one meter will read positive

and the other negative, and the difference of the two read

ings is the total power. For example, if the angle of lag

is 90°, both meters will register the same amount, but one

Car/Inf 6'0/7  

Pan/mill (’01? lb [004'

‘

%
FIG. 11. Two WATTMETERS

75 Lflu

is positive and the other negative, and the total power is

zero; that is, all the current is wattless. If the conditions

under which the test is made do not indicate whether nega

tive readings may be expected, the meters may be connected

to a non-inductive load—incandescent lamps for example.

After the connections have been made so that both meters
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read positively, disconnect the lamps and apply the load

under test. If one meter gives a reverse reading, the differ—

ence of the two readings should be taken. Another test is

to interchange the positions of the two instruments, keeping

the same relative connections of their current and poten

tial coils. If the deflections of both needles are reversed,

the difierence of the readings gives the power; but if the

deflections are in the same direction as before, the sum

of the readings should be taken.

PRACTICAL MANAGEMENT OF RECORDING

WATTMETERS

LOCATION

The location of recording wattmeter: should be in easily

accessible, dry, well-ventilated places, where there is as little

vibration as possible. A location near a door that is being

continually opened and closed should be avoided. Exposure

to steam or to acid fumes is also to be avoided.

WATTMETER CONNECTIONS

Both sides of the two-wire circuit pass through the small

Thomson recording wattmeter, Fig. 12, While only one side

passes through the larger size, Fig. 13. In either case, the

armature is connected across the circuit in series with a

resistance and the starting coil. On a three-wire circuit,

Fig. 14, the two outside wires enter the meter, and the

neutral wire is tapped so as to place the armature across

one side of the circuit.

When wattmeters are used on high—tension circuits, the cur

rent, or field, coils are usually supplied from the secondaries

of current transformers, and the potential, or armature,

coils, from the secondaries of potential transformers. In

such cases, the meters are calibrated to record the number

of watt-hours or kilowatt-hours delivered by the high-ten

sion circuit. Care must be taken not to confuse the connec

tions of the field and armature coils; if the field coils are
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connected where the armature should be, they will form a

short circuit across the line and the meter will be mined.

   

  

FIG. 12

 

 

  

 

743W

  

FIG. 13

The Stanley induction wattmeter field terminals are

marked. as in Fig. 15; the black terminal B must always be
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connected to the transformer, or line, and the white termi

nal W to the load. The potential wire is connected with the

 

 

 

 

  

 

Z: 1.171: 

 

 

 

FIG. 14

line that does not enter the meter. The connections of all

types of induction waltmeters are much the same. Fig. 16
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Flo. 15. STANLEY INDUCTION METER

shows connections for measuring power on a three-phase

Circuit or a two-phase, three-wire circuit.
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TESTING AND ADJUSTING RECORDING WATTMETERS

Testing.—Recording wattmeters should be tested occa

sionally. A rough test may be made by loading the meter

with a number of lamps of known power consumption.

A more accurate test is made by comparing the recording
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meter with a standard indicating wattmeter or with the

watts obtained from the indications of a standard ammeter

and voltmeter. The connections for both methods are shown

in Fig. 17.
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In checking a two-wire Thomson meter, a load of incan

descent lamps or other convenient resistance is applied, a

standard wattmeter is connected in the same circuit, and the

revolutions R of the recording wattmeter disk are counted

for T (usually from 40 to 60) sec. The load is kept as

\early constant as possible during the test, and the reading

of the standard wattmeter is observed and recorded for

comparison. The measurement W of the recording instru

ment, which should agree with the indication of the standard

wattmeter, is calculated by the formula

W=3,60;)_RL(‘

in which K is the constant of the meter. This constant will

 

 

 
  

 
  

 

 

 

 

 

  

 

Fro. 18. Tes'rmc A THREE-WIRE THOMSON Maren

be found marked on the dial of the older types of meters, in

which it was necessary always to multiply the dial reading

by the constant; in the more modern meters. the constant

is marked on the disk. Both the recording meter and the

standard test meter must be so connected that their poten

tial coils are subjected to the full-line voltage. In direct

current work, a. voltmeter and an ammeter may be used

instead of the standard wattmeter; it is well to have a volt

meter in either case.
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In a Thomson recording wattmeter for a three-wire cir

cuit (110—220 volts), the potential coil is wound for 110 volts.

If the field coils of the meter under test and those of a stand

ard meter are all connected in the same line of the circuit,

and both potential circuits are subjected to the same voltage,

as shown in Fig. 18, both meters measure the same power;

but since the field coils of the recording meter are in series,

one-half the meter constant is used in calculating the power

measured.

The connections for testing any two-wire induction watt

meter are very similar to those for the Stanley meter, Fig. 19;

a standard meter is connected in series with the meter to be

Tan 0_

  

 

 

 

..__.

FIG. 19. TESTING A STANLEY INDUCTION METER

tested, and both potential circuits are subjected to the same

voltage. In the Stanley meter. the meter watts is

IOORK
W = “eT—,

in which R is the number of revolutions in T sec., and K the

constant marked on the meter case. The same formula

applies to Fort Wayne induction meters.

Adjustments—A wattmeter should not be tested until its

potential circuit has been subjected to full voltage for at

least 20 min.; if tested before this, it will run fast. Tests

should be made for accuracy, both on light load and on full

load; hence. two standard instruments are usually necessary.

There should be no creeping of a. wattmeter at no load. that

is, with only the potential circuit on; if this occurs in a

Thomson meter. it can usually be stopped by bendinga short

piece of approximately .035-in. iron wire into a U shape and

slipping it over the edge of the disk iust far enough to prevent
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FIG. 20. WATTMETBR Duns

rotation on potential

alone. In an induc

tion wattmeter, an

iron wire is fastened

to the disk adjacent

t o t h e h u b. T o

counteract creeping,

this wire is slightly

inclined radially

away from the shaft.

If the wire is moved

too far, the meter

will not start on light

load.

I f a Th 0 m s o n

wattmeter runs slow

on light loads, the

starting coil should

be moved a little

nearer the armature,

unless the slow read

ing is evidently due

to a roughened com

m u t a t o r . T h e

adjustments should

be made with the

commutator tar'

nishe d (seasoned)

but not roughened.

A roughened com

mutator should

be cl e a n e d a n d

smoothed by means

of tape, an d the

cause of the rough

ening should be

found and removed

if possible. If a

meter runs slow on
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full load, the damping magnets should be moved a trifle

nearer the center of the disk.

- READING RECORDING WATTMETERS

Unless a constant is marked on the dial, a wattmeter may

be assumed to be direct reading. The Thomson meter has

five dials, which, beginning on the left, Fig. 20, may be

referred to as Nos. 1, 2, 3, 4, and 5. Each dial has ten divi

sions, and each pointer on dials Nos. 1, 2, 3, and 4 moves

one division while the pointer on its right is making one

revolution. Each dial is marked with the number of watt

hours indicated by one complete revolution. Each division

of dial No. 5 indicates 100 watt-hours, and each revolution

of its pointer indicates 1,000 watt—hours, etc.

In reading a meter, read for each dial, beginning with

dial No. 5, the figure from which its pointer is receding,

being careful to allow for misplaced pointers, which are

sometimes found on meters that have been subjected to

rough handling. For example, in reading I, pointer on dial

No. 5 indicates 200; pointer on No. 4 is receding from figure 8,

therch indicating 8,000+ the reading on No. 5; pointer

on No. 3 is receding from figure 1, thereby indicating

10,000+ the readings on Nos. 4 and 5; and pointers on

Nos. 2 and 1 are each receding from zerov Therefore, the

reading is 10,000 +8,000+200= 18,200.

The statement of II is 5,718,900 (not 5,719,900, as it

frequently would be read). Pointer on dial No. 4 should not

be read 9 until pointar on No.5 has completed its revo

lution and is again at 0. The statement of III is 99,800

(not 109,800); the 100,000 mark will not be reached until

pointer on dial No. 5 has passed from 8 to 0, when pointers

on Nos. 4 and 3 will be at 0, pointer on No. 2 at 1, and

pointer on No. 1 just past the zero mark. In IV, pointer

on dial No. 1 should be slightly to the left of 0 instead

of to the right, making the reading 9,990,800. In V, pointer

on dial No. 4 is too near figure 5; it should be two-fifths of

a space past figure 4. The reading is 834,200.

To ascertain the number of watt-hours that has been used

betWeen two readings of a wattmeter, subtract the earlier

1
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reading from the later and multiply the result by the con

stant of the meter, if one is marked on the dial. If no

constant is marked, the meter is direct reading, and the

result obtained by the subtraction is the number required.

For example, if the reading of a meter on Jan. 30 is 8,619,900

and on Feb. 28, 9,990,800, and the meter is direct reading,

9,990,800—8,619,900=1,370,900 Watt-hours have been

supplied.

ELECTRIC TRANSMISSION

ELECTRIC CIRCUITS AND SYSTEMS OF

DISTRIBUTION

An electric circuil is the complete conducting path of an

electric current. The circuit is closed When the current can

flow, open when it has one or more breaks that prevent the

current from flowing, and grounded when some part is in

contact with the earth or with some conductor leading to

earth. A source of E. M. F. is short-circuiled when its ter

minals are connected by a conducting path of very low

’Lflmpa resistance.

~/.--—-" \ Electric energy

may be distributed

in any of several

different ways:

(1) By connecting all

the receiving devices

of the circuit in series.

as shown‘ in Fig. 1,

79,-, and keeping the cur

rent through the cir

cuit constant; for

Pro. 1. SERIES SYSTEM Exaniple' m Street

lighting, by means of

a series of are or incandescent lamps. (2) By connecting

the receiving devices in parallel. as in Fig. 2, and subject

ing all to a constant E. M. F., as in most systems of

 

Dynamo
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incandescent lighting. (3) By connecting two or more

devices in series. and a number of these series in parallel

across

potential circuits, as

shown in Fig. 3; for

example, some special

systems

cent lighting.

a n y of these three

methods. either direct

or alternating current

maybe

ELECTRIC

CONDUCTORS

constant

of incandes

F o r

used.

Fm, 2.

Electric conductors

are usually made of copper. though for some long-distance

aerial transmission lines aluminum is used. Solid cylindrical

Dyna/no

1710.3.

sparsely

two or

cotton soaked in a

weather-proof compound.

Lamp

florar

 

PARALLEL-SERIES Svsnm

  
 

PARALLEL SYSTEM

wire, Fig. 4, is gener

ally used, unless the

diameter required is

greater than i to Q in.

or unless great flexi

bility is desired, in

which cases cable,

Figs. 5 and 6, consist

ing of a number of

smaller wires twisted

together is better.

For aerial work in

settled territory, bare wire is considered good

enough; but in most other cases, the wire or cable is insu

lated by a covering of

three layers of

For underground work,

the conductor is first covered with layers of rubber or paper

soaked in compound, and then all is covered with a lead

W

FIG. 4. INSULATED WIRE
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sheathing, as shown in Fig. 6. Two or more conductors

may be individually insulated and then all wrapped and insu

lated as one cable,

as in Fig. 7; the

several conductors

may lie side by side

in a cable or may be

arranged concentric

ally. For telephone and telegraph work, a large number of

insulated conductors are sometimes included in one cable.

  

FIG. 5. INSULATED CABLE

  

  

FIG. 6. LEAD-COVERED CABLE

CONDITIONS GOVERNING SIZE OF CONDUCTORS

In order to send a current I through a conductor of resist

  

Fm. 7. THREE-CONDUCTOR CABLE

ance R, there is required a pressure e=IR; that is, e is the

drop of pressure in the conductor. Since the prOduct 0f
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current and the pressure producing it is the work done, the

product I: is the work done in sending the current through

the conductor, and this work heats the conductor. The

resistance of a cylindrical conductor is expressed by the

formula I

m
R = F.

in which m is a constant, I the length of the conductor

in feet, and d its diameter in mils (1 mil—.001 in.). For

the grade of copper used for electric conductors, m—10.65

at 25° C. and 12.3 at 65° C.; for ordinary wiring calcula

tions, m may be taken at 10.8_ The value of m for aluminum

wire may be taken at 17.2.

For a given length of conductor, the resistances can be

made small by using a conductor of large diameter, or

cross-section; but the cost of the installation will thereby

be increased.

Economical Conditions—In laying out a. transmission

system, the following points should be considered:

1. The conductors must be so proportioned that the

energy transmitted through them will not cause an undue

rise of temperature. ,

2. The conductors must have such mechanical properties

as to enable them to be successfully erected, and so durable

as to require a. minimum of annual maintenance.

3. The conductors may be so chosen (a) that the first cost

of line construction shall be a minimum; (1)) that the station

construction shall be a minimum; (c) that the Cost of the

plant shall be reduced and the cost of operation and main

tenance be a minimum; (11) that the total first cost of installa

tion shall be a. minimum; (a) that the conditions of good

service shall be a maximum; (i) that the total first cost of

the plant shall be a minimum, consistent with maximum

income.

The success Of any system requires that conditions Nos. 1

and 2 be fulfilled. It is not possible to fulfil all of the con

ditions in NO. 3; the success of a particular installation

depends on the securing of a proper balance of these condi

tions and the selection of the proper one to be governing



310 ELECTRIC TRANSMISSION

or most prominent. The economical conditions may be

considered in detail as follows:

1. Except in interior wiring, the question of heating of

conductors used for electric transmission is seldom of

importance, since the proper proportioning of the conduct

ors to meet the other conditions will make them so large

that they will not overheat. A table of safe carrying capac

ities of various sizes of wire will be found under Interior

Wiring. ~

2. In every installation, thought should be given to the

maximum stresses to which any of the parts are ever likely.

under ordinary conditions, to be subjected that is, ordinary

windstorms, snow and sleet, etc. bring to bear on aerial con

ductors and their supports stresses much greater than those

to which they are subjected while being installed, and the

various parts must be strong enough to withstand the more

severe conditions. Ordinarily, conductors selected with a

view of obtaining economical transmission will be strong

enough mechanically; but this is not always the case, and

special investigation should be made in each case of doubt.

3. (a) If a transmission line is installed for temporary

purposes only, as for lighting or for running motors for con

struction work, it should be made as cheaply as possible.

consistent with safety, regardless of the effect on the cost of

the generating station; for the materials used in the line

construction will be of little value second hand, while the.

engines and dynamos used in the station will not be much

injured by the tempomry use.

3. (b) In some cases it may be desirable to make the

station cost a minimum. The line losses must then be a

minimum, for the station must not be compelled to generate

more energy than is absolutely necessary. This will require

large line conductors with correspondingly high cost. For

example, in city territory with underground lines, it should

very seldom be necessary to take up a line for repair or

renewal; hence, the transmission line should be installed

large enough to care for future growth, while the station

cost may be comparatively low with provision for installing

increased capacity when needed.
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3. (c) If by using small conductors the cost of the trans

mission system is made low, the transmission losses will be

correspondingly high, thus increasing the cost of the stamm

and the cost of opwation. On the other hand, the cost of the

station and of operation may be made low by using large

conductors, so as to occasion small losses. In every plant,

such a relation of these three costs to one another should

obtain so that the sum of the three shall be a minimum.

Sir William Thomson (Lord Kelvin) in 1881 deduced a law.

an exact statement of which is made by Gisbert Kapp, as

follows:

The most economical area of conductor is thal for whwh the

annual cost of energy wasted is equal to the interest on that

portion of the capital outlay which can be considered to be pro

POrn'onal to the weight of metal used.

The specific weight of hard-drawn copper wire, such as

used for electrical conductors, is .32 lb. per cu. in. The

weight of a wire d mils in diameter and L thousand ft. long

is, therefore.

:12 X .7854
10° X l .OOOL X 12 X .32 = .003Ld2

If K is the cost per pound of copper wire in place on the

line. and with interest at 1%. the annual interest on the

cost of the conductors is

A = .01K X .003Ld2

10.8 X 1 ,OOOL

d2

 

. the kilo

2

watts lost in transmitting a current of I amperes is

Since the resistance of the line is

and if K' is the cost in dollars per kilowatt-year to generate

the power, then the annual cost of the lost power is

B = g) .SK’IZL

d2

According to Kelvin's law, for the most economical area

of conductor, A =B, or

.OIK X .003Ld2 =

or, = 6001 (1)

10.8K’12L

__T
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This formula gives the most economical sectional area

in circular mils d2 of copper conductor for transmitting any

current I at any voltage for any distance,with interest at

1%; for any rate of interest 1“, the formula becomes

‘ ’K'
z_ _d 601 {K

Since aluminum wire weighs .096 lb. per cu. in., the weight

of a wire d mils in diameter and L thousand ft. long is

.0009Ld2. If Kn is the cost per lb. of aluminum wire in

place on the line and interest is 1%, the annual inte-Pst on

the cost of aluminum conductors is

A = .OlKux .OOOQLda

. . . . 17.212L
The power lost in transmissmn is d2 —. and the annual

cost of the transmission losses is

B_ 17.2K’12L

_ d2

With interest at 1%, the most economical area of alumi

num conductor for any current, voltage, and distance occurs

when A =B‘, that is,

 

I 2

.OlKa x .0009Ld’ =Egg

K!

or, d2 - 1,382I E; (2)

or, for any rate of interest 1,

d2=138.2l

Formulas l or 2 may be made to express circular mils per

ampere by dividing their second members by I in each case.

The curves, Figs. 8 and 9. show the circular mils per ampere

required for the most economical conditions at difl'erent

costs per kilowatt-year for generating electrical energy and

at several difierent costs per pound of copper and aluminum,

respectively, in place on the line, with interest on the cost

of the conductors at 1%. For example, if it costs $60 to

generate 1 kilowatt-year, the most economical sectional area

of copoer conductor at 20 ct. per lb. is about 10,400 circular

mils per ampere, and of aluminum conductor at 45 ct. per lb.

is about 15,950 circular mils per ampere.
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The higher the rate of interest, the less should be the cost

of the conductors, the sizes varying as where s' is

expressed decimally. For example, at $40 per kilowatt

year and with copper at 20 ct. per 1b., 8,480 circular mils per

ampere should be used if the rate of interest is 1%; if the

rate is 5%, the circular mils per ampere should be 8,480

X \jg—‘1,==8,450X.447=3,780. The curves can therefore be

used tor any rate of interest by multiplying the value found

for 1% by a factor corresponding to the required rate.

MEAN ANNUAL CURRENT

 

s» ~ ’5 I i I I Ratio

 

OOOwOeerst-Oq-IO»»*O~*O»-OWWOHIWOan-OWOQOO ONOMOOwWOOwOOmv-OO wwwwwwmwwwwwmw

.71
,p

    

 

Before determining the size of conductors by this method,

it is necessary to know the cost of generating energy per

kilowatt per year. This cost should include labor, material

interest and depreciation, insurance and taxes, etc. on the

station. This information, together with the cost per pound

of the line copper in place—that is, cost of copper per pound
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delivered plus cost per pound to put in place and insulate-—

is suficient to enable the most economical cross-section in

circular mils per ampere to be selected by means of the

curves. The number found by the curves multiplied by the

number of amperes to be transmitted gives the total cross

section required. It is possible to use copper 20% smaller

than given by the curves without increasing the transmis

sion losses more than 1 or 2%.

If less than full current I is to be carried a portion of the

time, the mean annual current, determined by multiplying

the full-load current by the ratios in the accompanying table.

should be used in making calculations:

For example. a line to carry 100 amperes (I) three-fourths

of the time and 75 amperes (El) one-fourth of the time

should be calculated for 100X.944—94.4 amperes. A line

carrying H one-fourth of the time. {I one-halt of the time.

and I (full load) one-fourth of the time should be calculated

for .771 I amperes, etc.

3. (d) If the plant is installed for a temporary purpose

only and the whole installation is chargeable to the temporary

service, the cost of both station and line construction should

be made low, regardless of increased operating and main

tenance expenses.

3. (e) For supplying current to constant-potential

devices in multiple. the size of the conductors must be cal

culated so that the pressure drop in the lines to any device

shall not be excessive. The drop I is

mll

Or, for copper. I 8”

10.81 10.
e ———d,— and d2 =-T.

in which d is the diameter of the wire. in mils. and d2 the

circular mils area; I is the length in (8812- and I the MM

in amperes. If D is the distance in feet (one way) for a

two—wire circuit. the formula may be written

d.‘,_21 601
e

Since D—~'+2. the constant 10 8 is multiplied by 2.
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For example. suppose it is desired to transmit 200 ampere:

5,000 ft. with a drop of 50 volts; then.

=21.6X5,000)<200

50

Reference to the table of B. & 5. gauge copper wire shows

that two No. 0000 wires would have about the correct

cross-section. The size of wire required in a given case is

sometimes more quickly determined by reference to wiring

tables, such as found under Interior Wiring.

3. (f) If power is cheap and the cost of materials for

the transmission line is high, the line installation is usually

made as cheaply as is consistent with the service required,

However, sufficient allowance should be made for growth

otherwise. taking on additional customers may cause excess

ive line losses, thus calling for expensive additions to the

station.

112 =432.000 cir. mils

THREE—WIRE SYSTEMS

In the Edison three-wire system, Fig. 10. two dynasz

alike in voltage and capacity are connected in series between

the outside wires. and the neutral wire is connected with a

point in the circuit between the two machines Being in

series. the E. M. Ffis

oi the two machines + ’m-yv”

are added. making the

voltage between the

outside wires double

that between either

outside wire and the

neutral wire. The

lamps are connected between either outside wire and the

neutral wire and if an equal number is cannected on each

side—that is. it the system is balanced—no current flows in

the neutral wire. In any case. the current in the neutral

wire is the difierence between the currentsin the two sides,

and this difference should be made as small as pessible by

connecting an equal number of lamps on each side. The

direction of the current in the neutral wire depends on which

side has the greater number of lamps burning. Motors to:

//0~I/a/f

Dynamo

  

FIG. 10. THREE-WIRE SYSTEM
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such a system are usually wound for the full voltage between

the outside wires.

Size of Wires—The outside wires are calculated as for a

two-wire system having the higher voltage. The more per

fect the balancing, the smaller may be the neutral wire, but

as some unbalancing

is always likely to

occur, owing to

"‘"IM/ switching on or off

~ lamps from either

side, it is customary

to make the neutral

wire at least one-half

as large as either

outside wire, and in many cases all three wires are the same

size.

Special Three-Wire Systems.—A three-wire system may

be supplied from a single dynamo or from a circuit of double

the desired lamp voltage, in any of several difiereut ways.

The neutral wire may be connected to the middle point of

a storage battery, as in Fig. 11. Each half of the battery has

cells enough to maintain the voltage desired at the lamps;

|<~220yam—>1

  

FIG. 11

r—\_
+ car '

I Orflu/T-Rraakel

  

J

Field Rimes/a!

  

  

Circw'l-drea/ver

7H; C017

Bola/war Mair/61MB”elm/17

I J/nr/l'n] fibres/0!

'—Ma/‘n6770171?

F-flint-Wire

FIG. 12. BALANCING SET

each half will then discharge when the number of lamps

burning on its side greatly exceeds that on the other side,

and will be charged under the reverse condition. If used

continuously in this way, the cells should be inspected occa

sionally to see that they do not become unevenly discha.ged.
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Balancing Set—Two small dynamos, A, B, Fig. 12, with

shafts continuous or rigidly coupled together, called a

balancing set, or balancer, are often used to change from a

two-wire to a three~wire system. Each armature is wound

for the desired lamp voltage—one-half the voltage of the

circuit across which the set is to be used—and the two are

connected in series across the outside wires. The neutral

wire is connected between the two armatures. Each arma

ture acts at a generator when the lamps on its side require

an excess of current, the other armature at the same time

acting as a motor to drive the generator.

If the system is perfectly balanced, no current flows in

the neutral wire and the set runs idle at a speed sufficient

for each armature to generate a counter E. M. F. very nearly

equal to one-half the E. M. F. across the outside wires. If the

current required on one side A exceeds that on the other B,

the voltage on side A, without the effect of the balancer.

would drop, while that on side 13 Would rise, their sum

remaining at all times equal to the voltage across the out

side wires. If the outside voltage is 220, as soon as the

E. M. F. on side A drops below, say, 109 volts, armature A

acts as a generator to maintain the voltage,while the rise of

pressure on side B makes armature B continue to act as a

motor, driving A at nearly a constant speed. If each field

of the balancer set hasa few series turns so connected that

when either machine is running as a generator its field is

cumulatively compound-wound, and when running as a

motor is differentially compound-wound, the voltage of the

generator will be slightly increased, owing both to its

increased field strength and to the increased speed of the

set due to weakening the field of the motor. In this way,

almost perfect balance of E. M. F. on the two sides can be

maintained at any degree of unbalancing of the load. A

trip coil in the neutral wire opens the main circuit-breaker

if the current in the neutral wire becomes excessive.

Storage batteries and balancer sets can be placed near the

13me to be supplied. Only two wires, therefore, are neces

sary to lead from the station to a distant building or center

from which a three-wire distribution may be fed.
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Dobrowolsky Three-Wire Dynamo.—-By mounting a pair

of collector rings on the shaft of an ordinary direct-current

dynamo, and connecting each ring to equipotential points

(two for each pair of poles) on the commutator, or armature

winding, an altemating E. M. F. will be impressed on the

collector rings while the machine is operating; and if a. choke

coil is connected between the two rings. and the neutral

 

 

 

   

 

  

 

 

 

  

FIG. 13. THREE-WIRE Dnumos

wire of a three-wire system is connected to the middle point

of the choke coil, the E. M. F.'s between the neutral wire and

the two outside wires will always be approximately the

name. Fig. 13 shows the connections. Owing to its self

induction, the choke coil will permit only a very small alter

nating current to flow between the two rings. but direct

current readily passes to or from the neutral Wine.
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Single dynamos with balancing sets or dynamos built on

the Dobrowolsky plan are now generally installed for three

wire systems in preference to two dynamos.

LINE CONDUCTORS FOR ALTERNATING

CURRENT

The size of the conductor for economical transmission

depends on the strength of current; hence, a given quantity

of energy can be transmitted much cheaper at high pressure

than at low pressure. On account of the readiness with

which alternating E. M. F.'s may be transformed up and

down by means of step-up and step—down transformers.

nearly all long-distance transmission is by alternating

current.

To transmit a given quantity of energy with a given per

cent. drop of potential and a given loss, the weight of the

conductor varies inversely as the square of the voltage

and directly as the square of the distance. Each of the

curves in Fig. 14 is plotted for a difl'erent number of volts

per mile; that is, total volts delivered at the end of the line

divided by the number 01: miles. The curves are correct

only for three-phase current with 100% power factor. For

two-phase, single-phase, or continuous-current, one-third

more copper is required; 5% has been allowed for sag and

waste in weights.

If alternating current is to be transmitted for short dis

tances, say 1 or 2 mi., and if the load is non-inductive—

incandescent lamps for example—the conductors may be

determined by the same methods as used for direct-current

conductors; but for long distances or for loads causing power

tactors less than 1, the efiect of capacity and self-induction

must be considered.

In direct-current transmission, the percentage drop 0!

pressure is the same as the percentage loss at power but in

alternating-current transmission the percentage drop. when

the power factor is less than 1_ is greater than the percent

age loss. This is because the current is greater than
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proportional to the real watts by the ratio cos ¢ (the power

factor); that is. the real watts are EI cos ¢, while the

apparent watts are ET.

If the power in watts delivered by the line is represented

by W, the volts delivered by E, the distance in feet one way

by D. and the per cent. of the delivered power lost in the

line by P, then the following formulas give very nearly

correct results:

Current in amperes =%T

Area of conductor section in circular mill =%,

in which P is always expressed as a whole number and T

and t are constants, as given in the accompanying table,

For example, if it is desired to deliver 300 H. P. by mean:

of 4,000-volt, three-phase current to motors 5 mi. away with

a loss of 10% of the delivered power, -

300 X 746
4,000 X .725 = 40.6 amperes in each line Wire,current =

and

5X5,280 X300X746

10 X 4,000X4,000

or about No.2 B. & S. wire.

Estimation of Line Drop.—The drop in a line with alter

nating current is greater than with the same strength of

direct current by a factor M, the value of which depends on

the frequency, the power factor, and the size of the line wire.

If P is the per cent. drop with direct current and E the

volts delivered, the approximate drop with alternating

current is

circular mils = X 1,690 = 62 .407,

' PE
ea -—Wélll

EXAMPLE.—600 K. W. of 3-phase, 60-cycle current is

to be delivered at 6.000 volts to a mixed load of motors and

lights 6 mi. from the power station with a loss of 10% of the

delivered power. Calculate (a) the current in each line wire;

(12) the size of line wires; and (c) the volts drop in the line.

SOLuron.-—W= 600,000 watts; D =6 X 5280 = 31,680 ft.;

T-=.679; t=1,500; P110: and £=6.000.
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mX .679 = 67.9 amperes. Ans.

6,000

. . 31,680 X 600,000
Circular mils —W07;—X 1 ,500 = 79,200.

or about No. 1 B. & S. wire. Ans.

(c) For No. 1 wire, 60 cycles, and a combined lamp and

motor load, M =1.21; hence,

a. = ———1°X1§6°°° x 1.21 =- 726 volts. Ans.

The foregoing methods are not exact, but will usually give

practical results.

Polyphase Lines—A two-phase, four-wire transmission

line, if so arranged that there is no inductive interaction

between circuits, is equivalent, so far as loss and regulation

are concerned, to two single-phase lines, each carrying one

half the total energy. The same rule applies to a three—

phase, three-wire circuit with con—

? ductors symmetrically arranged, and

is practically correct for a two-phase,

three-wire circuit. Therefore, in lay

(a) Current =

 

 

 

 

Do Ob

, ""5
a a K

FIG. 15 FIG. 16

ing out any of these systems, calculate first a single-phase

circuit to carry one-half the load at the given voltage, and

then use four such wires instead of two for a four-wire, two

phase circuit, and three wires instead of two for a three

wire, three-phase circuit, in all cases keeping the distance

between wires the same as obtained for the single-phase circuit.

To make the circuit of two-phase, four-wire lines induct

ively independent, the wires of the two circuits must be

arranged either as shown in Fig. 15—that is, wires a,a of

one phase on opposite ends of one diagonal of a. square, and

wires b, b of the other phase on the ends of the other diago

nal—or the wires of one phase must be transposed at their

middle point, as shown in Fig. 16, so that the mutual induct

ive efl'ect of one half is neutralized by the opposite effect of
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the other half. The three wires of a three-phase line are

usually arranged in the form of an equilateral triangle. as in

Fig. 17; they may, however, be arranged in one plane and

transposed at one-third and at two-thirds of the transmission

distance. as shown in Fig. 18. On a long line, the transposi

tions shown in Figs. 16 and 18 should

o2 - _
be repeated between each two pomts

where power is taken off.

1. .3 E6255

FIG_ 17 Fm“ 13

If several triangularly arranged three-phase lines are

adjacent to one another, one line can run straight through,

provided those near it are transposed often enough to make

the mutually inductive efiects neutralize each other. If

side by side, as in Fig. 19, where line 0 runs straight through,

the next line 17 should be transposed twice, and line 0 eight

times; the fourth line would be transposed twenty-six times,

etc. The two circuits of a two-phase. three-wire trans

mission cannot be made inductively independent; the ar

 

 

fl 5 b

m"

FIG. 19

 

 

 

rangement of the wires side by side and equidistant through

out their length without transPOsition is as good as any.

Special arrangement to avoid inductive interaction is not

necessary in short transmission lines, but unless it is done in

long lines the system may become badly unbalanced and the

drop and the losses may differ widely from calculations.
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ELECTRIC LAMPS

INCANDESCENT LAMPS

Electric lamps may be considered under two general

heads? incandescent lamps and arc lamps. The light from

each type is caused by heating a conductor to incandescence

by the passage through it of an electric current. In an

incandescent lamp, the conductor is solid and continuous

whether the current is flowing or not; in an arc lamp, the

conductor is gaseous and exists only while the current is

flowing. There is no sharp dividing line between the

two, and the classification is made only for convenience.

f7me  

Anchor

load/77940

Wire.

  

Flo. 1 F10. 2

The term incandesth lamp is ordinarily understood to

apply to an exhausted glass vessel in the form of a. bulbI

globe. or tube containing the conductor, which glows when

sufficient current is passed through it. This conductor is

usually called the lamp filament (Fig. l). Lamp filaments

are made of some form of carbon or of some of the rare

metals having very high melting points, such as tantalum.

tungsten, and osmium.
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The diameter and length

of the filament depend on

the voltage for which the

lamp is made: the ends are

joined to platinum leading—

in wires that pass through

the glass plug in the neck of

T the bulb. To the lower end
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of the leading-in wires are

attached the copper wires

for connection with the lamp

base. The filament is then

pushed in through the neck

of the bulb, Fig. 2, the plug

sealed into the neck, and the

air pumped from the bulb

through a glass tube, which

is then sealed off, leaving

the tip. Tipless bulbs are

exhausted through a tube

sealed. into the plug in the

neck.

Rating.—In English

speaking countries, it is the

prevailing custom to rate all

light sources in candlepawer

(abbreviated c. p.), this

expression coming from the

spermaceti candle formerly

used in England as a stand

ard light source. In the

United States and. Germany,

the accepted standard is the

hefner, the light produced by

an amyl-acetate flame

adjusted until its tip is

40 mm. above the top of the

wick tube. One 0. p.='.°l

hefners. Another standard
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in some use is the Methven screen, an argand burner of

specified dimensions, before which is a screen having a slit

that permits lightequal to 2 British candles to pass. The

Carcel lamp, a French standard, burns colza oil and gives

05 light equal to 9* British candles.

Light Measurement.—The output from a light source is

usually measured by comparing it to some other source that

has been standardized by comparison with an original unit,

such as the hefner amyl-acetate lamp. A photometer is a

device for comparing the outputs from two light sources.

The Deshler-McAllistcr photometer, Fig. 3, largely used in

lighting stations, illustrates the principles of all. In this

photometer, an oil lamp with an adjustable screen for the

flame is used as a secondary standard in preference to a

standardized incandescent lamp, so as to avoid the necessity

of keeping the voltage accurately adjusted. A standardized

lamp is first put in the place to be occupied by the test lamp,

the sight box is moved along the scale until the pointer

stands over the number on the scale indicating the candle

power marked on the standardized lamp, and the screen over

the lamp flame is adjusted until the grease spot on the

paper screen in the sight box throws exactly the same

intensity of shadow on the mirrors located each side of the

paper screen, showing that the light from the oil lamp is

exactly the same as that from the standardized lamp. The

standardized lamp is thcn removed and the test lamp put in

place and rotated about 180 times a minute by a small

motor, the voltage being adjusted to a constant value by

means of a rheostat. Suitable shields keep the light from

the operator's eyes while he adjusts the sight box along the

scale. When the grease spot is balanced, as shown by the

shadows on the two mirrors, the candlepower of the test

lamp can be read directly from the scale. The standardized

lamp is in use only for adjusting the oil lamp.

Other photometers use a standardized lamp in place of

the oil lamp, and in some the scale is graduated to read

distances from each of the two lamps instead of candlepower.

The intensity of illumination falling on any object from a con

centrated source of light 'uan'e: inversely as the Squaw of the
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distance of the object from the source. If Cl is the candlepower

emitted by the standardized oil lamp and. (1, its distance

from the paper screen, and C2 the candlepower of the test

lamp and d2 its distance, then, when the same intensity of

illumination falls on each side of the paper screen,

9341i
C]_d12

d2

ur, C2=C1d—i—2

From this formula, the candlepower can be calculated or

read from curves when G d1, and d; are known.

72’ l/M

  

Jinn/an! Wal/nv/(f °¢§

é!an; Syn/masks

 

 

  

 

 

@
Ammr Vol/Ma

FIG. 4. CONNECTIONS FOR Tnsrme

The rapid rotation of the test lamp makes the measure

ment of its candlepower the mean of that thrown off in all

directions in a. horizontal plane; that is, the mean horizontal

candlepmver is measured. Unless otherwise stated, this is

the measurement usually meant when referring to the

candlepower of incandescent lamps. Other measurements

sometimes referred to are mean spherical candlepower, the

average of the intensities of light given off in all directions.

and mean hemispherical candlepawer, the average Of the

intensities in all directions in a hemisphere.
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Fig. 4 shows connections for testing lamps. Accurate

instruments should be used; and accurate records should be

kept of the time the lamps burn and of their consumption of

energy. The ammeter, or milliammeter, should read to

“h ampere and the voltmeter to 115 volt. A wattmeter

may also be used, but it is not necessary if the other instru

ments are accurate. Switches should be arranged to short

circuit the ammeter and the current coil of the wattmeter.

Efliciency.—According to the standardization rules

adopted in 1907 by the American Institute of Electrical

Engineers, the effich of an incandescent lamp is the ratio

of its mean spherical candlepmucr to the watts consumed.

Thus, an ordinary 16-c. p. lamp consuming 50 watts and

giving off, say, 12 mean spherical c. 1)., has an efficiency of ii

or .24 mean spherical c. p. per watt.

The efficiencies of electric lamps vary with the tempera

tures of the light-giving bodies and, to some extent, with

the materials of which these bodies are made; that is, some

materials radiate a larger proportion of the energy con

sumed by them as light than others. Carbon-lamp filaments

are soon destroyed if operated at temperatures higher than

1,800" to 1,950" C.; metallized filaments will stand somewhat

higher temperatures, tantalum filaments about 2,000° C.,

and tungsten filaments about 2,3000 C.

Under ordinary conditions, llO-volt, carbon-filament

lamps consume 3.1 to 3.5 watts per mean horizontal c. p.,

metallized-filament lamps about 2.5 watts, and metallic

filament lamps l to 2 watts. Lamps for very high or very

low voltages are less efficient than indicated by the figures

just given.

Useful Life of Lamps.—The useful life of an incandescent

lamp is usually understood to mean the length of time it will

burn before its light output decreases more than 20%. The

length of useful life varies considerably, according to

the degree of perfection of the lamp construction and the

temperature at which it is operated. Increased voltage

causes greatly increased candlepower, decreased watts per

candlepower, and rapid deterioration, as shown by the

curves in Fig. 5. For example, increasing the voltage of an
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ordinary carbon-filament lamp to 101% of normal causes the

candlepower to increase to 106% and the life to decrease

to 80% of normal; if the voltage is decreased 1%. the candle

power decreases 6% and the life increases 23%. It is there

fore very important that the voltage be kept constant.

Metallic-filament lamps are not so sensitive to changes in

the voltage, because the resistance of the filaments increases

as the temperature rises, creating a tendency to oppose

excessive increase of current with increased voltage.

The useful life of carbon-filament lamps is from 500 to

700 hr. Metallized—filament lamps are good for 500 to 1,000

  

§

A”Ce»!ofNorm!
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Pg, Can! 0/ Norm! Life or (“Md/e Power of Lamp;

Fla. 5. LIFE, CANDLEPOWER, AND VOLTAGE

hr., and some of the metallic-filament lamps are also sold

with a. guaranteed useful life of 1,000 hr.

Current Required.—If the watts per candlepower w, the

candlepower rating L, and the voltage E of electric lamps

are known. the current required by each lamp can be deter

mined by the formula

current=—"lié

E

For example, a 16—c. p., 3.1-watt, 110-volt lamp requires

3_1 x 16
{16- -= .45 ampere, approximately.
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Units of mumination.——Illumination is utilized light.

Several units of illumination are in use, among them being

the lux, which is the illumination produced by a source of

1 hefner of light on a normal surface at a distance of 1 meter

from the source, and the candle—feat (abbreviated c.-ft.), the

unit most used in English-speaking countries, which is the

illumination produced by a standard candle on a normal

surface 1 ft. away.

Intensity of Illumination.—The intensity of illumination

in candle-feet at any point is the quotient of the candle

power given off by the source of light in the direction of the

point divided. by the square of the distance in feet from the

source to the point. If a lamp gives off 16 c. p., the illumi

nation 1 ft. away is 16 c.-ft.; 2 ft. away, 4 c.-ft.; 4 ft. away,

1 c.-ft., etc. For mild general illumination, by which the

objects in a room can be readily distinguished, .5 c.-ft. i

sufficient. For reading, 1 c.-ft. will do_

but 2 c.-ft. is much better; more than

3 c.-ft. is too brilliant, unless very thor

oughly diffused. The illumination in

candle-feet from a few common sources of

light is about as follows: From ordinary

moonlight, .025; in a street lighted by

gas, .03; on the stage of a theater, 2.9 to

_ 3.8; brilliantly lighted drafting rooms, 8 to

Fla 6 12; and diffused daylight, 10 to 40.

Calculating Quantity of Light—In cal.

culating the quantity of light to install in a room, an

estimate must first be made of the average number of candle.

feet required in the plane where the light is to be used; then.

the candlepower required in a given direction can be

calculated from the formula

c p bli
' ' K COSaa.‘

in which e. p. is the candlepower given ofi by the source in

the desired direction, L the estimated number of candle~feet,

D the perpendicular distance of the source from the plane,

11- the angle between the perpendicular and the direction of

the light rays to the point (see Fig. 6), and K the coefficient
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of reflection from the walls. ceiling, and surrounding objects.

Values of K are approximately as follows:

All reflecting surfaces black. .. .. . . . K=1

Dark~brown paper and dull ceiling. . K=l.l to 1.25

Blue-tinted paper and ceiling ...... K =- 1.25 to 1.4

Plain white plastered walls and ceil

ing or pink- or yellow-tinted walls

andceiling....................K=1.5 t01.8

Very 1ight~colored wallpaper ....... K = 1.75 to 1.9

Walls covered with white reflecting

paint........................K=2.5 1:05.

Mirrors and polished metal .........K =5 to 20.

    

 

 

.m" 20“ 10° 0° /0° 20° .30“

Pro. 7. LIGHT-DISTRIBUTION CURVES

For example, suppose a room with white plastered walls

and ceiling is to be lighted so that the illumination on tables

shall not be less than 2 c.-ft. at any point, and suppose that

Gem high-efficiency lamps are'to be used. Since an even

distribution is desired, the form D reflectors will be prefer

able to the form C, which concentrate the light more in a

downward direction. The curves in Fig. 7 show the dis

tribution with form D reflectors. If the lamps are hung
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10 ft. above the tables and 16 it apart each way. the point

in the plane of the table tops most distant from any lamp

is the point directly under the center of a square (Fig. 8)

outlined by four'lamps. The triangle to be considered,

Fig. 9, has an altitude of 10 ft. and a base of 11.3 ft.; cos a

=¢—= .663. cosa a.=.291, and ¢==ab0ut 48° 30’.

#102 + 1T32

Since the point under consideration receives light {mm four

lamps, it should receive at least .5 c.-ft. from each lamp.

Assume that K=1.65, then

.5 X 102

1.65X .29—1'" 104

The D-5 Gem lamp gives off about 120 c. p. at a. =48° 30

(see distribution curve, Fig. 7), and the next smaller size DA

c.p.=

'——~|

  

e---____.___°

|-,-—16

‘i'

  

FIG. 8 FIG. 9

only 90 c. p.; hence, the D-5 size would be used, and the

point considered would receive 1%2x.5><4=2.31 c.-ft.

A point under the middle of a side of the square receives

light principally from two lamps. The triangle to be con

sidered has an altitude of 10 ft. and a base of 8 ft.;

10——-=.78. c053 a-ATS. and ¢=39°. At 39°

VI61+81

from the vertical, the D-5 lamp gives 05 about 131 c. p.

and from each lamp the illumination is

L= 1—'G_—5X'1;725X131 =1.03 r.—tt..

or 2.06 c. it. from the two lamps.

 
COS ll:
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Directly under each lamp. the illumination is

=1.98 c.-ft.; but enough light will reach this point from

neighboring lamps to make the illumination slightly exceed

the requirements.

THE NERNST LAMP

In the News! lamp. one or more pencils of highly refrac

tory oxide of a rare metal. such as thorium, are heated to

incandescence in air by the passage of an electric current.

The essential parts of the Nemst lamp are the glowers, or

light-giving portion; the

heaters, for raising the tem

perature of the glowers until

they become conductors; the

ballast, a. resistance that in—

creases rapidly as its tempera

ture increases; and the cut-out

device, for opening the circuit

through the heaters after the

glowers have reached the

proper temperature. Fig. 10

shows some of the parts of

a one-glower Nemst lamp.

The glowers are made by

forcing through suitable dies

a dough made of the oxide

employed. The dough issues Fm 10

from the dies in pencils about '

gh in. in diameter. These pencils are dried. cut into suitable

lengths (about 1 in), and baked, after which terminal wires

are soldered into platinum beads embedded in the ends of

the penci!s, or glowers.

The heaters consist of two or more porcelain tubes, each

about 1- in. in diameter, wound with fine platinum wire and

coated with a white refractory material that assists in

reflecting the light downwards.

The ballast consists of iron wire in glass tubes, from which

the air is exhausted and nitrogen or other inert gas

  

filo/def

Porcelain



ass \ ELECTRIC LAMPS

substituted. Each lamp contains a ballast tube in series

with each glower.

The resistance of the glowers at ordinary temperatures is

very high, but falls rapidly as their temperature increases.

At 600° to 700” C. they become good conductors. and if

subjected to constant E. M. F., the increasing current

through the glowers will rapidly bring them to a very high

temperature. The resistance of the ballast is low at ordinary

m Tr ' lsM p em/na/
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FIG. 11. CONNECTIONS or A THREE-GLQWE‘R LAMP

temperatures, but increases rapidly as the wire becomes

heated. A ballast tube and a. glower being in Series, a con

dition is soon reached where further reduction of the resist

ance of the glowers is balanced by an increase in the resist

ance of the ballast, and the current becomes constant.

Fig. 11 shows the connections and relative location of the

parts of a. three-glower Nemst lamp.
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The cut-out device consists of an electromagnet in series

with the ballasts and glowers, with hinged armatures so

adjusted that when the glower current has reached a pre

determined strength, the armatures are drawn in toward the

magnet pole pieces, breaking the circuit through the heaters,

at silver contact points.

Nemst lamps are made in one-, two-, three-, four-, and.

six-glower sizes, giving mean hemispherical candlepowers of

about 35, 75, 125, 190, and 300, respectively, at specific

consumptions of about 2.4, 2.2, 2.1, 1.85, and 1.75 watts

per c. p. On account of the reflecting surfaces just above

the glowers, nearly all the light is distributed in the lower

hemisphere.

ARC LAMPS

An arc lamp consists of one or more pairs of electrodes

and a system of magnets and springs by which, when

electric current is

applied, an arc is

drawn and main

tained between the

electrodes, which usu—

ally consist of carbon.

C o n s t a n t-potential

arc lamps are used in

multiple, each lamp

independent of any

other; constant- cur

rent lamps are used

in series, the same

current flowing

through all.

Constant - Potential

Lamps—In a can

rtant-potential arc

lamp, Fig. 12, one

electromagnet, connected in series with the arc, sufi’ices. A

resistance also in series with the arc steadies the current

 

  

FIG. 12. CONSTANT-POTENTIAL LAMP
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and consumes excess voltage not needed at the are. In an

alternating-current, constant-potential lamp, an inductive

resistance is used.

Difierential Lamps—In a constant-current, difie'rential

lamp, Fig. 13, one magnet winding is used in series with the

arc and one in shunt with it. The two windings may be

combined in one electromagnet. Since the current is con

stant, the series winding alone would cause a constant pull,

tending to hold the carbons apart; but the shunt winding is

so connected as to cause an opposing efiect. and since this

e 5 e c t gradually in

creases as the length

of the arc increases,

the common magnet

core is finally drawn

down until the car

bons move closer

together, thus

decreasing the arc

voltage. In both

styles of these larnps,

the carbons remain in

contact while the

lamp is idle, and are

drawn apart by the

series coil when the

lamp is started.

Shunt Lamp.—In a

constant-current shunt

lamp, Fig. 14, the carbons are normally held apart by the

action of a spring, and, when the current is switched on,

are drawn together by the coarse winding on the starting and

regulating magnet. A small starting magnet in series with the

are then opens a. pair of contacts in the circuit through the

coarse winding of the larger magnet, thus permitting the

spring to draw the carbons apart and start the arc. The

shunt winding of the large magnet then acts in opposition

to the spring, and the coarse winding remains out of circuit.

No resistance or choke coil is needed in this lamp.

 
 

 
 

  

FIG. 13. DIFFERENTIAL LAMP
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(CandlepowerandPowerConsumption)

a.‘6"‘“'3“'5

831;;or"8‘5.03.i6

'0“F.vo6<1CCC

8.42E;350ua;£2552%

TypeofLampg‘5E_.fim‘é3’,£2BUM363's:

+1"‘a

<$39"‘3’£3235‘85%3!“Ee5'3

Og-l*50080+1o8

>c2[22“‘2

...B

Open-arc,series.directc-urrent9.650460—4804503751.31.2

Enclosed-arc,direct-current, opalescentinnerglobe,no

outerglobe...............4.91105391473922232.41.8

Same,withopalescentinner globeandclearouterglobe4.91105391473921812.92.1Samewith0alescentmner

andoutergobes..........4.91105391473921553.52.5

Enclosed-arc,alternating-cur-’ rent,opalescentinnerand

clearouterglobes.......110416743421402.92.4

Samewithopalescentinne

andouterglobes..........110416T4342-1143.63.
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ENCLOSED-ARCLAMPDATA

  

Alternating-CurrentLamps

 

 

SeriesLampsConstantCurrent

MultipleLamps

ConstantPotential

     

Current,amperes..

Terminalvolts....

Arcvolts.........

Terminalwatts.....

Arcwatts........
Wattslost........

Powerfactor......

.ETCwatts

Ratio—

 

terminalwatts'

6.6 F!s)

[.4
435 395 40 .846 .908

 

77.56.67 77768380 72727272 465490430455 420450385410 40404545 .865.861.785.813 .905.918.895.901

 

  

 

7.5
F.

19
P“)
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485 440 45 .819 .908

 

100 70 260 227 33 .650 .873

104 74 405 365 40 .649 .901

 

 

4 100 72 270 230 40 .675 .852
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ENCLOSED—ARCLAMPDATA—(Continued)

 

Direct-CurrentLamps

 

SeriesLamps

ConstantCurrent

MultipleSeriesLamps
 

MultipleLamps

ConstantPotential2inSeries5inSeries

011on

220Volts550Volts

 

Current,amperes............

TerminalVolts..............

Arcvolts...................

Terminalwatts.............

Arcwatts..................

Wattslost......v...........

_arewetts

Rah"mm.----------

 

6.8(standard)

72

3.552.555

1101102201l0110

808014580803855505505505502804003634724721051501777878 .728.727.66.858.858

 

 

Norm—Seriesalternating-currentlampsmaybeadaptedtocurrentsfrom4to7amperes

andfrequenciesfrom40to140cyclesbychangi

ngthemagnetwindings.Seriesdirect-current

lampscanbeadaptedtocurrentsfrom4to10amperesbychangingwindings.
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Open- and Enclosed—Arc Lamp—In the aPen-arc lamp,

there is free access of air to the arc. This type, with pure

carbons, is almost entirely superseded by the enclosed-an:

lamp, in which a. small enclosing globe around the arc

permits only a very small quantity of air‘ to enter. An

open-arc lamp burns only from 12 to 18 hr. with one pair of

+.
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FIG. 14. SHUNT LAMP

carbons; an enclosed-arc lamp burns from 100 to 150 hr.

with one trimming.

FLAMING-ARC LAMPS

If an arc betWeen ordinary carbons is drawn longer than

about i in. when open or§ in. when enclosed, additional energy

is required to maintain the arc and very little additional

light is given ofi. However, if the carbons are impregnated

with mineral salts, such as calcium or magnesium salt, the

mineral is evaporated by the heat of the arc and makes the

otherwise non-luminous flame of a long arc intensely brilliant.

With the impregnated carbons, the arc can be drawn from

I in. to 2} in. long. The burning of such carbons is accom

Danied by the production of noxious fumes, considerable
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ash, and particles of slag, or scoria, so that flaming, or

luminous, arcs cannot be so completely enclosed as area

between plain carbon elec

trodes.

Flaming-arc lamps are usu

ally arranged so that both

carbons feed downwards, as

shown in Fig. 15. A magnetic

field across the path of the arc'

causes it to bow downwards

from the electrodes. In this

way not only is light obtained

from the flame, but also all the

light from the intensely hot

carbon tips is made useful.

The are is usually partly sur

rounded bya highly refractory

chamber, called the econo

mizer, which serves to shield

the are from drafts of air and

also acts as a reflector. On

account of the free access of air

to flaming arcs, a set of car

bons last only from 12 to 18 hr.

The expense of the carbons and the frequency with which

they must be renewed make the cost of maintenance high.

Compared with an enclosed-arc lamp with plain CM‘bOns,

the candlepower and economy of an “Excello” flaming-arc

' lamp are as follows:

  

FIG. 15

FLAMING-ARC LAMP

Fun/[mo ENCLOSED

RC Am:

)ieanampercs........ ..... 8 5.1

Meanvoltsatthearc................ 45 81.

Mean watts at the arc. . . . . . . . ...... . 360 413.

Mean spherical candlepower. . ...... . .1020 282.

Mean hemispherical candlepower. .. . . 1,560 260.

Watts per mean spherical candlepower. .353 1 .78

Watts per mean hemispherical candle

power... ...... .231 1.59
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Magnetite Luminous-Arc Lamp—The magnetite luminous

arc lamp made by the General Electric Company. has a posi

tive electrode consisting of a copper bar large enough to be

practically unaffected by the heat of the arc, and a negative

electrode consisting of a tube of finely divided magnetite,

or black oxide of iron, in which are mixed small quantities

of salts of chromium, titanium, etc. These lamps are used

only with direct current. Each negative electrode lasts

from 150 to 200 ha; a positive electrode lasts about 4,000 hr.

The constant-current lamps consume about 320 watts and

give off 400 spherical c. p.; that is, the specific consumption

is .8 watt per c. p. The distribution is mostly in the lower

bemisphere.

Metallic Flame-Arc Lamp.—The Westinghouse metallic

flame-arc lamp also has a solid metal positive electrode and

a tube filled with a mixture of powdered metallic substances

for a negative electrode.

TUBE LIGHTING

Mercury-Vapor Tube Lamp.—ln the mercury-van tube

lamp, the source of light is an are through a tube containing

vapor of mercury, which acts as a conductor and is heated

to incandescence by the current. The tube is hung so that

it remains normally in an inclined position (see Fig. 16), the

lower, or cathode, end, containing liquid mercury. The

anode is usually a. piece of iron. Above the lamp is a large

canopy containing resistances, inductances, and ballast to

regulate the current. To start the lamp, the current is first

switched on and the lamp is then tilted, either by hand or. '

in some types, automatically, until the mercury runs along

the tube and comes in contact with the anode, thus forming

a metallic conducting path, which breaks when the tube

goes back to its normal position, thus starting the arc. The

heat vaporizes enough of the mercury to keep the tube filled.

The light given 05 is of a greenish cast, with an entire

absence of red rays. This light is therefore useless where

color selection must be made, but is a very easy, comfort

able, and. economical light for reading, writing, drawing,

handling bales and packages of goods, machine-shop work
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etc. The tube is 1 in. in diameter, and the standard lamps

have light-giving portions 17% in., 20% in., 28 in., and 45 in.

long. The 17i-in. and 202-in. tubes each give off 300 c. p.

at .64 watt per c. p.. and the 45~in. tube gives 700 c. p. at

.55 watt per c. p. The 28-in. tube is for alternating cur

rent only, and gives 425 c. p. at .64 watt per c. p.

The Moore Light.—The Jlloare electric light is a system of

artificial lighting in. which the source of light is the rarefied

non-metallic gaseous contents of long glass tubes, 1} in.

  

$6 11

50/0

Fro. 16. MERCURY-VAPOR Tune LAMP

in diameter, made luminous by the passage of an electric

current. Only alternating current is used, because of the

difficulty of raising direct current to the high pressures

required. Alternating current at the ordinary pressure

used for liOuse lighting is led through the primary coil of a

small step-up transformer enclosed in an iron case, in which

the ends of the tube also terminate (see Fig. 17). The

secondary coil of the transformer terminates in the electrode!
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in the ends of the tube. In series with the primary coil is

an electromagnet, which operates a small valve to admit a

very minute portion of air or other gas when the vacuum

in the tube becomes too high. If the contents of the tube

are rarefied air, the light is orange-colored. If the tube is

led with pure nitrogen, the light is yellow, and if with pure

carbon dioxide, the light is white.

The light from a Moore tube is very mild and easy on the

eyes. The intrinsic brilliancy can be made anything from

almost negligible up to 30 or more hefners per ft. In hefners

per sq. in., the comparison with other light sources is as

iollows:

atGhefnersperft.......... 0.33

Moore light{at 12 hefners per ft......... 0 .66

at 36 hefners perft......... 2.00

Cooper Hewitt mercury tubc.. . . . . . . . . . . 19.00

Incandescent filaments 250.00

Nernstglowcr.......... 600.00

Arccrater... 10,000.00

The cost of installation is slightly less than that of a first

class system of wiring for incandescent lamps together with

the necessary fixtures. The life of one of the tubes, except

for breakage, is almost unlimited. In economy, the Moore

light ranks close with flaming—arc lamps and mercury-vapor

tube lamps. Fig. 18 is a group of data curves of a Moore

light, showing the variation of high-tension volts, amperes

Input at 200 volts, kilowatts input, and watts per hefner

with length of tube. ’

  

~ INTERIOR WIRING

Underwriters’ Rules—In order to have buildings insur

able, all interior wiring must be installed according to the

National Electrical Circle, a set of rules and requirements

adopted by the National Board of Fire Underwriters. Copies

0i this code and of the list of approved fittings may be obtained

from any local Inspection Bureau or from the National

Board of Fire Underwriters, New York or Chicago. The

inlowing are some of the requirements.
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WIRES

 

CARRYING CAPACITY OF INSULATED WIRES

No wires smaller than N0. 14 B. 8: S. can be used, except

in fixtures or in flexible cords. The maximum permissible

carrying capacities of various sizes of wires and cables are

given in the accompanying tables. Wires selected with a view

of keeping the voltage drop within practical limits are usually

larger than required by the tables, but in no case must they

WIRES FOR MARINE WORK

(Nalional Code Standard)

 

 

   

Size of .
B. 8: S. Area Actual Number ‘ Carrying

Gauge Ciiclular S of :11“? Capacity

Number 1115 trands Gauge Amng

19 1,288

18 1,624 3

17 2,048

16 2.583 6

15 3,257

14 4,107 12

12 6,530 17

9,016 7 19 21

11,368 7 18 25

14,336 7 17 30

18,081 7 16 35

22.799 7 15 40

30,856 19 18 50

38,912 19 17 60

3 49,077 19 16 . 70
5 60,088 37 18 85

6 75,776 37 17 100

' 99.064 61 18 120

124.928 61 17 145

157,563 61 16 170

1 , 61 15 200

250,527 61 14 235

296,387 91 15 270

373.737 91 14 320

413.639 127 15 340

 

 



WIR1IVG 35]

WIRES FOR INTERIORS OF BUILDINGS

(National Code Standard)

 

Carrying Capacity

 

 

 B, & S.

Gauge Circular M115 Rubber-Cov- Weather

Number ered Wires Proof Wires

Amperes Amperes

18 1,624 3 5

16 2,583 6 8

14 4,10 12 16

12 6,530 17 23

10 10,380 24 32

8 .51 33 46

6 26,250 46 65

5 33.100 54 77

4 41,740 65 92

3 52,630 76 110

2 66,370 90 131

1 83,690 107 156

0 105,500 127 185

00 133,100 150 220

000 167,800 177 262

0000 211.600 210 312

200,000 200 300

300,000 270 400

400,000 330 500

500.000 390 590

600,000 450 680

700,000 500 760

800.000 550 840

900,000 600 920

an 1,000,000 650 1,000

'3 1 100,000 690 1.080

"3 1,200,000 730 , 50

<3 1,300,000 770 1,220
. 00,0 810 1,290

1 ,500,000 850 1 ,360

1,600,000 890 1.430

1 ,700,000 930 1 ,490

1 ,800,000 970 1 ,550

1,900,000 1,010 1.610

2,000,000 1 .050 1 ,670
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be smaller. Since rubber deteriorates if constantly heated.

the carrying capacity of rubber—covered wire is slightly

lower than that of weather-proof wire.

Joints—There should be as few joints, or splices (Fig. 1).

in the wires as possible. The insulation should be removed

from the ends to be joined without cutting into the wire;

the ends should be scraped until clean and bright, then

twisted together until the joint is mechanically and electric

ally secure, aiter which it should be well soldered, and

finally wrapped with

insulating tape until

the insulation of the

joint is equal to that

of the wires joined.

The separate strands

of stranded wires

must be securely

soldered together

before fastening the

wire under terminal

clamps. All stranded

wires wit h conduc

tivity greater than

that of No. 8 B. & S.

g a u g e m u s t b e

soldered into lugs for

all terminal connec

tions.

The Code rules

suggest the following formula for soldering fluid:

  

FIG. 1. WIRE Iom'rs

PARTS

Saturated solution of zinc chloride............... 5

Alcohol..... . . .. ..... 4

Glycerine............ l

  

Miscellaneous Rules—Unless wires are run in conduit or

molding, they must be separated from all other objects by

glass or porcelain insulators. Tie wires must have insula

tion equal to that of the wires tied. \Vires must not be

laid in plaster or cement, and twin Wires are permitted
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only in conduit. For open work in dry places, slow-burning

Weather-proof wire may be used; for all concealed Work and

in all damp places, the wires must be rubber-covered. Rubber

covered wires with an extra-heavy outside covering of tape

or braid may be used in unlined metal conduit; if the conduit

is lined, the outside covering on the wires is not required.

Fixture wire must not be smaller than No. 18 B. 8: S. and

must be rubber-covered.

Flexible card must not be used where the E. M. F. exceeds

300 volts, nor to support clusters. nor in show windows.

The cord must be protected by a bushing at the point where

it enters a lamp socket. If used to support the weight of

a lamp, a knot must be tied in the cord below the bushing

and another above the ceiling rosette, so as to reduce the

pull on the connecting screws.

CALCULATING SIZE OF WIRE

The feeder wires entering a building are usually led to one

or more centers of distribution, from which the distribution,

or branch. circuits go to the consuming devices. In wiring

for incandescent lamps, the drop from the point where the

feeders enter the building to the lamps should be not over

3 to 5% of the lamp voltage. This total drop can be divided

between the feeders to the centers of distribution and the

distribution circuits in the proportion of say 3 and 2; that is,

3% drop in the feeders and 2% drop in the distribution

circuits.

Before calculating the size of wire, it is necessary to know

the current I in amperes to be carried, the average dis

tance D in feet one way, and the drop 0 in volts. So many

Varieties of incandescent lamps are now obtainable operating

at such different economies, that it is best to calculate the

current I by the formula

Nva

—E—n

in which N is the number of lamps. w the watts per candle<

power, 6‘ the candlepower per lamp. and E the Voltage of the

lamps. The product 106‘, the watts per lamp, is often

given instead of the separate factors. The distance should
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be an average of the distances to the various lamps on the

circuit; for example, if a circuit is 150 ft. long with lamps

distributed evenly over the last 50 ft., the distance D for

which the wire should be calculated should be 100 +5}= 125

it. The drop 2 in volts is obtained by multiplying the lamp

voltage by the per cent. drop to be allowed.

CURRENT 1N AMPERES REQUIRED BY MOTORS

The accompanying table gives the approximate current re

quired by motors. These figures are close enough for wiring

calculations, though the exact current in any case depends

on the efficiency of the motor and, also. in case of alternating

current motors, on its power factor.

Knowing the distance D, the current I, and the drop e, the

size of wire in circular mils (c. m.) is obtained from the

formula

21.6DI
C. m. =_e_

EXAMPLE.—Calculate the size of wire necessary to supply

current to eighty-four 22-c.-p.. 2-watt. 110-vo1t lamps dis

tributed evenly along 100 it. of the circuit, the nearest lamp

being 50 ft. from the center of distribution; permissible

drop 2%.

Sowrron.—The distance D=50+1P=100 ft.; the cur

rent I-gi—XTi—iX—Z—Ififi amperes; and the drop e— .02 X 110

=22 volts.

21.6X100X33.6
“LS—j.2

or about No. 5 B. & S. wire. Ans.

If, in the foregoing example, all the current traveled the

Whole length of the line, 150 ft., the size of the wire for 2%

drop would be

c.m.=

=33.000.

21.6X150X33.6_

2.2 '

requiring the use of No. 3 B. & S. wire.

WIRING TABLE

To use the accompanying wiring table, divide the number of

amperes to be transmitted by the number of volts drop per

misible and. find the quotient thus obtainedI or the number

49.500.



Q!*EEQQWQ

WHUNGTABLE

DhtlnceinFeet(OneW”)ProducingaDropof1VoltforGivenCurrent!andGivenSizesofWire

¢ mmwh
Bananwor

 

qqqfiQQTQQ
hflpwQOss
nnunvuo i

 

ma*omw—hha
nnunm+ch®§

 

 

 

195.0163.8

lfiJ

 

H N. H. W M 5 w M W M
1”

Hi0

 

 

 

 

e—iwqqqmoec

:2 022223;;2 5 9

fifi

N 

QFQEQHQQQQQQQ

 

 

 

 

 

 

In I ' ’ m

n 1 ‘2§;fi£$5:§§§§

c ‘ fiQQQfiifiQQ°°QQ
” I own ~q~umnmae

I """ 22222222:

n QfifiquQYQQQQQQ

~ >~2s s:sasss:a
-~_Nnn

c @fiQGQQfiQQQQQQQ

00 0, mm:a “fiflassmflza‘oms
, _H_N=w‘

n QfiQQQQQQQQQQQQ°
pq KLNONv—n-‘NQ IO EOE-15‘-2“~“nwzs§a§s.ms

Q Q°~Q*QQQQQQQQQQ
.q "33 W'OHMmilhbmifig

__ -1
3*":szzsaaah.

QQQYQQQQQQQQQQ
- DC nnwhrln+m1~4

In "N d>~l~l~fl"wgfiass4wh¢q

_

  

 

  

Ampere:

 

  

 

law

“no 's v '11 "Him 10 "is



WIRING 357

nearest to it, in the line of amperes along the top of the table.

In the column below the number thus found find the nearest

distance, and to the left in the column of wires find the

required size B. & S. gauge number. For example, to find

the size of wire to transmit 15 amperes 140 ft. with 3 volts

loss, divide 15 by 3 and find the quotient 5 (amperes per

volt) in the line of amperes. In the column below, find the

nearest distance 153, and to the left of this the size of wire

required, which is No. 8.

CIRCUIT-OPENING DEVICES

Both a switch and an automatic circuit opener (cut-out or

circuit-breaker) must be placed in every supply circuit near

where it enters a building, so that all the current can be cut

off from the building. Except where expert supervision is

maintained, circuit-breakers are not permitted unless accom

panied by fuses.

Circuit-opening devices must not be installed near com~

bustible materials nor where exposed to inflammable gases

or dust. In damp places andin places where flying particles

of inflammable material are present, the switches and cut

outs must be in dust- and moisture-proof cabinets, which

must have self-closing doors if dust is also present.

On constant-potential circuits, the switches and cut-outs

must be capable of opening all the wires of the circuit, except

that single-pole switches may be used if the circuit uses less

than 660 watts at not over 300 volts. No single-pole cut<out

can be used to control more than 660 watts, except where

all the power is used in a single device, as in a motor.

Cut-outs must be installed at each point where a change

is made in the size of wire unless the cut-out in the larger

wire is small enough to protect the smaller wire. The

capacity of the fuses must be such that they will melt, or

blow, it the current exceeds the safe carrying capacity of the

wires. Circuit—breakers must be set to open if the current

exceeds the safe carrying capacity of the wires by 30%,

unless fusible cut-outs are also used to protect the same

wires. Fuses must not be placed in the canopies or shells
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of fixtures.

Mai/r:

  

FIG. 2

means of two three-point switches. By means of two three—

Except on slate or marble tablet boards mounted

in dust-tight, fireproof cabinets, open

link fuses are not allowed; enclosed fuses

are demanded instead.

A switch cabinet should be installed

at each center of distribution, and in

it should be placed a switch and a cut

out for each branch circuit. A con

venient wall switch should also be

installed for each large chandelier or

group of lamps, unless the distribution

cabinet is within easy reach. Two three

point switches connected, as shown in

Fig. 2, so that one or more lights can be

controlled from more than one point

are often very convenient; for example,

the hall lights in a dwelling house may

be controlled from either floor by

point switches and one four-point

switch, wired as in Fig. 3, the same

lights may be controlled from three

points, etc. By introducing another

four-point switch for each station, this

scheme may be extended_

Single-throw knife switches must be

mounted so that gravity will tend to

open them and, when possible, so that

the blades will be dead when the

switch is open. Double-throw knife

switches may be mounted so that the

throw will be either vertical or hori

zontal. For circuits using less than

250 volts and 30 amperes, approved

snap switches are better than knife

switches, but they should indicate

plainly whether the current is on

or off. Flush switches must be con

  

4—Po/nfSmksb

Cuf-our

FIG. 3

tained in a sheet-steel or cast-iron box set in the wall.
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SYSTEMS OF INSTALLATION

OPEN WORK

Open Work in Dry Places.—For open work in dry plates,

or for protection against corrosive vapors, slow-burning,

weather-proof insulation is permissible. The wires must be

held at least § in. from the surfaces wired over and 2} in.

  

5’00"fivIV/re

  

Fro. 4. KNOB FIG. 5. Cum-rs

apart for voltages up to 300, and 1 in. from the surface and

4 in. apart for voltages from 300 up to 550. The wires must

be held on insulators or by cleats, Figs. 4, 5, and 6, and must

be protected by insulating tubes, Fig. 7, when passing through

floors or partitions, so that

the wires come in contact

with nothing except insu

lating supports or protect

ors. The insulators and

tubes used must be non

combustible and non-absorp

tive; porcelain is the material

nearly always used.

On straight runs, the

supports should be as close

as every 4* it. In buildings of mill construction (see Fig. 8),

mains of No. 8 B. 8: S. wire or larger, if not likely to be

disturbed, may be separated about 6 in. and run across the

ceiling by tying them to insulators attached to the timbers;

  

Fin. 6. KNOB Cum-rs



360 WIRING

if likely to be disturbed or if smaller than No. 8 B. & 5.

wires are used. they should be run around or through the

ceiling timbers, with

suitable insulators or

protecting tubes, or

should be attached to

insulators f a s t e n e d

to running boards.

When two wires

cross each other, one

of them should be run

through an insulating

FIG‘ 7_ WALL TUBE tube so fastened that

it cannot slide away

from the crossing, as in Fig. 9. The same method may be

  

  

FIG. 8. METHODS or Wnuxo OVER CEILING Tmseas

used when passing near iron pipes. Wires should pass over

pipes On which

 
 

  
moisture may collect.

Open Work in ———————— -—-———=== " ’—

Damp Places'_In ;.-1—_-::n::-=-=a--Icsns;

damp places, rubber

covered wire is re Fm. 9,

quired. The insula

ting supports and tubes are the same as used in dry places, but

the ms must be at least 1 in. from the surface wired over.
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Constant-Current Systems—Wires for constant-current

systems, where arc or incandescent lamps are in series,

must be rubber-covered, and. in each case must enter and

leave the building through a switch that will cut off the

current from the building and close the main circuit

simultaneously. The switch must be mounted on a non»

combustible base,

where it will be

free from moisture

and within easy

reach. The wires

must always be in

plain sight, SUP

ported on glass or

porcelain insu

lators at least 1 in. from the surface wired over and 8 in

from each other, except in the lamps, on hanger boards. etc

  

FIG. 10. WOODEN Momma

CONCEALED W0RK

All conductors for concealed wiring must be rubber

covered.

Wooden molding, Fig. 10, for encasing wires must have a

backing at least 3‘; in. thick under the wires: the tongue

between the wire grooves must be at least i in. thick, and

the sides at least 1‘ in. thick.

7 ’0' e _, The inside of the molding and
V V 7' the cap must have at least

two coats of waterproof

material, or else the whole

molding must be impregnated

with moisture repellant.

Wooden molding must not

be used in concealed or damp

places, nor be placed directly

against a brick wall where

sweating may introduce

moisture that may ultimately cause a short circuit. Wooden

molding for concealing electrical conductors is prohibited

by ordinances in some cities.

  

Covered W/re

FIG. 11. CEILING OUTLET
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Concealed knob-and~tube work is permitted by the Under

writers’ rules, though forbidden by ordinances in some large

cities. It is a cheap town of concealed wiring, and safe if

properly installed. In running lengthwise of joists, each

wire should run along a separate joist and be securely

fastened to knobs not over 41} ft. apart, and less if there

is any likelihood of disturb

ance. Where the wires pass

  

through joists, they should be protected by porcelain bush

ings projecting at least 4; in. beyond the timber on each side.

At outlcts, Figs. 11 and 12, the insulation must be par

ticularly good. The wires should be protected by flexible

conduit or insulating tubing, so that they cannot come in

contact with the plaster, gas pipe, etc. Flexible circular

loom tube is very useful for this purpose. This is a. woven

tube without metal covering, and is treated outside and

inside with insulating material that makes it hold its shape;

this tube is neither weather-proof nor nail-proof, and is

permitted only in

dry and Well-pro

tected places.

Flexible steel

armored cable,

Fig. 13, makes a convenient auxiliary for the concealed knob—

and-tube system, and is used throughout manylarge buildings

where there is no risk from moisture. If moisture is present,

this cable must be covered with a lead sheathing.

Conduit wiring is the best and most expensive kind of

concealed wiring, and the only kind permitted in fireproof

  

FIG. 13. STEEL-ARMORED CABLE
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structures Iron pipe not less than l in. inside diameter, either

lined with insulation or unlined, is installed wherever circuits

are to run, so as to form a continuous raceway for the wires.

After all the pipes are in

place and all mechanical

work on the building is so

  

612/47 Iva/J

Fro. 14 FIG. 15

STEEL-ARMORED Counurr OUTLET Box

nearly complete that there is no danger of disturbing the

wires, they are fished through the conduit from outlet to

outlet. The two or more wires of a circuit are usually

drawn through the same conduit; this is required by the

Code rules if alternating

current is to be used. The

  

FIG. 16. OUTLET Box FIG. 17. OUTLET PLATE

conduit system must be in continuous electrical connection,

by bonding around outlet boxes if necessary, and must b"

el’fectually grounded. The radius of the inner edge of ah
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bends must not be less than 3} in. and there must not be

more than an equivalent of four quarter bends from outlet

to outlet, not counting the bends at the outlet.

The fishing is done with a long piece of steel ribbon,

called a snake,- this ribbon is about § in. wide and 1‘; in. thick,

and has a steel ball about i in. in diameter fastened to one

end. Soapstone is first blown into the conduit to overcome

friction; the ball end of the snake is then pushed through

[afoul

lurml' 

 

T Q:amp
>04

   

L amp

Elana/1 Circa/7

L‘s/few!

Cut/u! @Z-l’ ”'

yPaM/ 5mm! _

  

 

 

Lamp Leap Jyslem

FIG. 18

from one outlet to another, a cord is attached and drawn

through. and the wires are then drawn in.

Instead of iron pipe, flexible steel-armored conduit, Fig. 14,

is sometimes used; this can be easily bent around curves

without the necessity of screw joints. The easy curves

ofier little resistance to the entrance of the wires.

Outlet and jam-tion boxes are made in great variety. In

one type, Fig. 15. the conduit is held in place by split nuts.
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which close around the conduit and clamp it securely when

they are screwed home. In another type, Fig. 16, the con

d u i t e n d s a r e

threaded and held inc/ale

in place by insu

lating nuts outside

and inside the box.

Junction boxes

should be installed

where they are

easily accessible.

0 u t I et plates,

Fig. 17, are per

mitted where it is

not feasible to use

boxes.

Joints are espe

cially objection- FIG. 19. CEILING OUTLET

able in wires used

in conduits, and are not made except where a junction box can

not be installed. In order to avoid branch circuits with their

necessary joints, conduit wires are usually installed on the

loop system, as shown in the lower half of Fig. 18; that is,

both wires are looped to each lamp; they are then easily

withdrawn from the conduit.

A ceiling outlet in a fireprouf building, Fig. 19, may be

made by bringing the conduit down through the hollow-tile

flooring to the out

let box a, to which

it is fastened with

insulating nuts I).

If gas also is used,

the gas pipe is run

into the same box

and is covered by

FIG. 20. INSULATING Jo...r an insulating bush

ing 41. The fixture

is fastened to the end of the gas pipe with an insulating

joint. The two-wire cable 0 is brought down. on the loop

  
  

  

I _.~ Ha/low— 77!:

Flour/by
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system, and the fixture wire is connected to it. An insulating

joint is shown in Fig. 20.

For wall outlet: in a fireproof structure, Fig. 21, the conduit

should be installed between the wooden strips to which the

laths are nailed. The outlet box can be fastened to a brick

wall with expansion bolts or by screwing it to wooden plugs

driven into holes drilled into the brick; the fixture is then

screwed into a threaded stud fastened to the back of the

outlet box.

WIRING FOR MINOR

ELECTRIC APPLIANCES

The source of E. M. F. for ring

ing bells, operating burglar alarms,

door openers, electric clocks, etc.,

may be primary or secondary

batteries, 2. small dynamo, or the

electric-lighting circuit. The rules

for the installation of electric—

light and electric-power wires do

not apply to such minor systems,

unless the E. M. F. used exceeds

10 volts, or unless the circuits are

in electrical contact with the

lighting circuits.

Primary batteries most used for

such systems are of the open

circuit variety, such a s the

ordinary sal-ammoru'ac cells. Two

storage batteries, each with a

double-throw switch, can be arranged, as in Fig. 22, so that

one can be charged while the other is in use. For bell ring

ing, a series of lamps can be used across the lighting circuit,

as in Fig. 23. If the bell is connected in series with the

lamps, its contact device makes and breaks the full lighting

voltage, and is likely soon to be injured; a better plan is to

connect the bell in shunt with one of the lamps.

. The wire used inside buildings for bells, burglar alarms, gas

lighting, etc., is‘usually No. 16 or No. 18 B.& 8.; or in large

 

  

FIG. 21. WALL OUTLET
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systems, No. 14 is used for the main-battery wire. For dry

§
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FIG. 22. STORAGE BATTERIES FOR BELL RINGXNG

places, double-cotton parafiined insulation is good enoughl

 

 

  

.
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FIG. 23. BELL RINGING FROM LIGHTING Cmcun‘

weather-proof office wire should be used in damp places, 01‘

rubber-covered wire if much moisture is

present.

The wires should be neatly arranged and

securely fastened. Single wires can be

fastened to woodwork with bare iro n

staples, or, if the staples are insulated. as in FIG" 24

Fig. 24, two or more wires may be fastened under one staple:
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but in no case should the staples be driven hard. Bell wires

must not be placed less than 6 in. from any electric-light

FMBIII 17",.“M

 

 

  

Fro. 25. STMPLE BELL-WIRING Cmcuns

or electric-power wire unless encased in approved tubing.

When bunched together, bell wires must have a fire-proof

covering or else be incased in a non—combustible tube. or

  

Fro. 26. ANNUNCIATOR SYSTEM

shaft. In the best class of work, all bell wires are run in

conduits. Vertical wire ducts, or shafts, must be thoroughly
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stopped at each floor, so that they cannot serve as flues to

assist the spread of fire. Push buttons and electric-light

switches must not be mounted on the same wall plate. All

c i re 1: i t s when complete

should be tested for breaks, I

grounds, or crosses. These 1’
tests can be made with an I

ordinary magneto bell. ‘

BELL CIRCUITS /

In a small dwelling. the

bell wires may be arranged FIG. 27

as in Fig. 25. An annunci

ator is seldom necessary. since the bells at the front and back

doors and the buzzer in the kitchen, to be sounded from the

my 5144de W    
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FIG. 28. RETURN<CALL Sysrau

  

 

 

dining room. may be selected so that each has a distinctive

sound.
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In an ammnciato' system, Fig. 26. the buttons are located

at convenient, points, each button being arranged to close a

circuit from the battery through the annunciator bell and I

drop.

By means of double-contact push buttons, Fig. 27, return

FIG. 29. SPEAKING-TUBE SYSTEM

  

c a ll annunciator

system: are ar

ranged, as shown

in Fig. 28. A bell

in any room of a

large hotel may be

rung by pressing a

double - contact

push button in the

ofiice, or the office

annunciator be 11

may be rung from

any room.

Fig. 29 shows a

diagram of the bell

wiring for a speak

ing-tube :31: I e m.

From each station

may be rung any

bell except its own.

Fire-alarm gangs

in large buildings

can be wired, as in

Fig 80, so that all

the gangs can be

rung simultane

ously by pressing a

multiple-c o n t a c t

push button. An

annunciator n e a r

each bell will at the

same time reveal the source of the signal. The battery is

better subdivided, with a section placed near each bell; but.

if desired. it can all be placed at one location in the circuit.
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Wiring Flats—Several flats may be wired, as in Fig. 31

so that a single battery may be used to ring a bell in each

fiat from a push button at the front door of the building or

 

 

 

Mflmmrmmm

 

 

  

 

 

 

 

4w

 

L

 

Flo. 30. FIRB<ALARM Goncs

from the hall door of the flat; also a buzzer in each flat may

he rung from the rear door.

DOOR OPENERS

In apartment houses, it is often convenient for a tenant to

be able to unlock the front door of the building without

leaving his own apartments. This can be done by means

of a special lock operated by an electromagnet wired to a

push button in each apartment.
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BURGLAR ALARMS

In the open-circuit system of burglar alarms, Fig. 32,

several electromagnets are installed at some convenient

point—~one magnet for each circuit.
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FIG. 31. WIRING FLATS

A double-throw

switch is usually provided

for testing. When closing

the house, this switch is

placed on contact 1, and

the magnet switches k], k; are

c l o s e d successively. If a

window has been inadvert

ently left open, thus closing a

contact spring, th e corre~

sponding drop will fall when

the magnet switch is closed.

The windows being all closed,

switches 12,, k2 are left closed,

and the double-throw switch

is placed on contact 2. The

raising of a. window will then

close a circuit, ring the bell,

and cause a magnet drop to

fall simultaneously; the drop

closes a local circuit, so that,

even if the window is closed

again, the bell will continue

to ring. The local circuit

s h o u l d contain about the

same resistance as the cir

cuit th rough the electro

magnet.

In the closed-circuit system

of burglar alarms, Fig. 33,

there is a. continuous flow of

current through circuits of

which contacts attached to the doors and windows form a

part. In these circuits are relay magnets that, when excited.

hold the local bell circuit open; but if any of the main cir

cuits are opened by opening a door or a window or by break
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ing a. wire, the bell circuit is automatically closed by the

release of a. relay-magnet armature, and the bell rings con

tbn/ldJ'n-iy
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FIG. 32. OPEN-Cuzch BURGLAR ALARMS

tinuously until a key In or k2 is opened. These keys are left

closed when the system is in use.

The two systems may be so combined that an alarm will

be given if a circuit is opened or closed at a door or a window,

or if the wires are broken or crossed at any point.

ELECTRIC GAS LIGHTING

The rules for installing wires for electric gas lighting are

Til. u,

kl

[
Closed Cantu-u

  

4 fiehynyner
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Ups/1600,44}!

Fro. 33. CLOSED-CIRCUIT BURGLAR ALARMS

the same as for other minor appliances where the E. M. F.

is not over 10 volts, except that electric gas lighting must
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not be used on combination fixtures, that is, those having

both gas and electric lights.

Parallel System.—In the parallel system of gas lighting,

Fig. 34, one terminal of the battery is connected through a

spark coil to the gas pipe, and the other through insulated

circuits to the insulated terminals on the burners. Each

burner has also a grounded terminal so arranged that it can

be brought into contact with the insulated terminal. thus

closing the circuit: when the contact is broken. a spark is

caused in the jet of gas, which is thereby ignited.

  

hm’d/ed Era/1m!
Pandlnlflurmr

 

 

  

 

G1;A"e

  

FIG. 34

Pendant Burners.—-In the Barton ratchet burner, Fig. 35,

which is typical of most pendant burners, one pull of the

pendant turns on the gas and ignites it: on releasing the

pendant, the grounded terminal is returned by a spring to

its normal position, and a second pull of the pendant turns

off the gas.

Automatic burners can be had with electromagnets so

arranged that the gas can be turned on and ignited by press

ing a button, and turned 03 by pressing another button.

both buttons being located at any convenient point. Two

insulated wires to each burner are required, one from each

button; the gas pipe serves for the return circuit.
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Flash System.—The series, or flash, system of gas lighting,

Fig. 36, is used in large halls, churches, theaters, etc.. where

many lights are used in groups. Two sparking points. each

insulated from the other and from the burner, are arranged

at each burner, so that a spark between the points passes

through the jet of gas and ignites it. A number of sparking

points and the secondary of an induction coil are connected

in series between two points on the gas pipe, one point

being near the lighting fixture and the other near the

induction coil. When the circuit through the primary of the

induction coil is closed, sufficient E. M. F. is induced in

the secondary to cause sparks to jump across every jet in

the series. Since the E. M. F. is high, the wires must

Secondaly Spark/n; Pain/s

“Mice/1b» 6221/ I

\_l L-_l

    

§3a
64.:Pm:

FIG. 36. Seams Gas chu'rmo

be installed with great precaution. The wire should be

enclosed in glass tubing wherever it comes within less than

1} in. from the gas piping, except where purposely grounded.

ELECTRIC CLOCKS

Watchman's Clocks.—~In a watchman’s clock, a paper dial

is caused to revolve slowly over a number of electromagneti

cally operated punches. Each electromagnet is connected

to a station in some part of the grounds or works to which

it is desired that the watchman make periodical visits.

The watchman in making his rounds visits each station,

and with a key closes the circuit, or, in some systems turns

a magneto located at the station, causing a punch to make a

hole in the paper dial. The dial is so marked that the posi

tion of the hole indicates the station visited and the tine 0i



376 ELECTRODEPOSITION OF METALS

the visit. An exact record of the watchman’s visits to the

various stations is thereby made.

Electric time clocks are used in many large establish

ments where uniform time is desired in several rooms or

buildings. A reliable clock is arranged to close an electric

circuit periodically, usually once each minute. In the circuit

are the electrornagnets of the several electric clocks, all in

series. Each time the master time clock closes the circuit

each electromagnet causes the hands of its clock to move

forwards a. space corresponding to the interval of time

between successive movements. This makes all the second

ary clocks act in unison, all dependent on the master clock.

MISCELLANEOUS APPLICATIONS

ELECTRODEPOSITION OF METALS

ELECTROCHEMICAL SERIES OF ELEMENTS

Following is a list of elements arranged in such order

that any one in the list will displace from its compound:

any other element occurring farther on in the list, and. will in

turn be displaced by any element occurring earlier: that

is, each element is eledropositive to those that succeed it.

ELECTROCHEMICAL SERIES
 

ELECTROPOSITIVE Zinc Mcrcu ry Arsenic

Potassium ron Silver Selenium

Sodium Cobalt Antimony Sulphur

Lithium Nickel Tellurium Iodine

Barium Thalliurn Palladium Bromine

Strontium Lead Gold Chlorine

Calcium Cadmium Platinum Oxygen

Magnesium Tin Silicon Fluorine

Aluminum Bismuth Carbon ELECTRONBP-ATIVB

romium Copper Boron

Manganese Hydrogen Nitrogen
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and clectronegah'w to those that precede it. In general,

the metals are electropositive and the non-metals electro

negative. The farther apart any two elements appear in

the series, the greater is their afi‘inity for each other. A

series of elements so arranged is called the electrochemical

series or sometimes the electromotive series.

 

ELECTROPLATING

A current of electricity in passing through an electrolyte

consisting of a solution of a metallic salt liberates from the

solution a quantity of the metal proportional to the strength

of the current and to the time—that is, to the quantity of

electricity. All the liberated metal is usually deposited

in a thin, even layer on the cathode. For example, since the

electrochemical equivalent of silver is .001118 gram, abbre

viated 3. (see table, page 11). a current of 3 amperes flowing

for 1 hr. and 20 min., or 4,800 sec., through a solution of

silver nitrate will cause to be deposited on the cathode

4,800X3X.001118=-16.099 g. of silver. In a copper-sul

phate solution where copper enters as a. monad with an

electrochemical equivalent of .00065881 g., a current of

5 amperes for 1 hr. will deposit 5X60X60X.00065881

= 11.86 g.

In case of the most commonly used plating metals, the

amount of metal deposited per hour by 1 ampere is as

follows: Copper, monovalent, 2.37 g.; divalent, 1.186 g.;

silver, 4.025 g.; gold, 2.45 g.; nickel, 1.095 g.

PLATING SOLUTIONS

Copper-Acid Solution.—Sulphate of copper. 1 1b.; sulphuric

acid, 1 lb.; water, 1 gal. Dissolve the sulphate of copper

in hot water, after which add the remainder of the water

cold. Then radd the sulphuric acid; when the solution

has cooled, it is ready for use.

Copper—Cyanide Solution—Carbonate of copper, 1 1b.;

carbonate of potash, 65 02.; cyanide of potassium, 2 1b.;

water, 3 gal. Dissolve the cyanide of potassium in the

greater part of the water, the carbonate of copper in a
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portion, and the carbonate of potash in another portion. Add

to the potassium solution, first the copper solution and then

the potash solution, stirring the whole thoroughly. If.

on trial, the solution does not deposit freely, more cyanide

or more carbonate, or both. should be added until the

desired result is obtained.

Brass Solution.—To the preceding cyanide solution add

zinc-carbonate solution made by dissolving 2 parts, by

weight, of cyanide of potassium and 1 part of zinc carbon

ate in water. The zinc-carbonate solution is added to the

copper-cyanide solution until the desired color of brass

deposit is obtained.

Nickel Solution.—Double sulphate of nickel and ammonia

(pure), 12 to 14 02.; water, 1 gel. The nickel salts are put

into a wooden tank and hot water is poured on them until

they dissolve, this being hastened by stirring with a clean

wooden stick. This bath is nearly neutral and has no

power to remove oxide from the surface of the metal to be

plated; hence, the metal must be thoroughly cleansed.

For removing grease, dirt, etc., dip the articles into a hot

potash bath made by dissolving 5 lb. of caustic potash in

2 gal. of water. This bath must be kept hot while in use“,

its strength decreases with use, so that longer time is required

for cleansing an article in a bath that has been used for

some time than in a fresh one. On removal from the bath.

the article should be well scoured with pumice and water

and then rinsed. Brass or copper articles should then be

dipped for a few seconds into a solution of f lb. of cyanide

of potassium per gallon of water, and steel or iron articles

into a solution of } lb. of hydrochloric acid per gallon of

water, using a wooden tank to hold the solution.

Gold Solution.—Gold baths are usually made by dissolving

chloride of gold in cyanide-of-potassium solution. Gold

baths are used in so many ways and for such a great variety

of work that no general formula can be given. In hot baths,

the higher the temperature, the darker the color of the deposit;

in cold baths, the stronger the current, the darker the color.

Hot baths are usually worked at 90° to 140° F., and the

quantity 0f gold varies from Hi to 20 gr. (grains) per
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quart of solution. In cold baths, there must be at least

54 gr. of gold per quart of solution, and in some cases it

' may run over 300 gr.

Silver Solution.—Si1ver chloride, 3 02.; cyanide of potas

sium, 10 to 12 02.; water, 1 gal. The chloride is first made

into a thin paste with some of the water. and then added to

a solution of 9 or 10 oz. of the cyanide in the remainder

of the water. If the solution does not work freely at first,

add more cyanide.

CURRENT DENSITIES FOR ELECTROPLATING

The following current densities, in amperes per 100 sq. in.,

are recommended: For copper electrotyping from an acid

bath, best quality, tough deposit, 1.5 to 4; good and tough

deposit for stereotypes, 4 to 10; good solid deposit, 10 to 25,

solid deposit, sandy at edges, 25 to 40; sandy and granular

deposit, 50 to 100. For copper deposit from a cyanide

bath, 2 to 3; zinc (for refining), 2 to 3; silver, 1 to 3; gold,

.5 to 1; brass, 3 to 3.5; iron (steel facing), .5 to 1.5; nickel,

begin at 9 to 10 and gradually diminish to 1 to 2.

VOLTAGES FOR VARIOUS PLATIHG BATES

The voltage should be adjusted in each case to give the

most suitable current.
 

 

  

  

Ap roximate

Metal ii. M. F.

Volts

00 r, acid bath.. .5 to 1.5

003:1», cyanide bat 3.0 to 5.0

Silver. . . .5 to 1.0

G0 .. .5 to 4.0

Brass.......... 3.01:0 5.0

Iron,steelfacing............... .......... 1.0 to 1.3

Nickel on iron, steel, cop er, with nickel

anode, start deposit wit 5 volts, dimin

Nishli‘lgtO... .............. 1.5 to 2.0

' k . on irow e 4.0 to 7.0

4.0 to 7.0

5.0 to 6 0
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ELECTRIC HEATING a

HEATING 0F CONDUCTORS

The heat generated in a conductor in which an electric

current is flowing is proportional to the square of the cur

rent I, the resistance R of the conductor, and the duration

in time t of the flow; that is, the work in joules converted

into heat is PM, where I is in amperes, R in ohms, and t in

seconds. The temperature attained by the conductor

depends on the readiness with which heat can escape. Heat

escapes more readily from insulated wire in molding or

conduit or even in air than from bare wire in still air; also,

in still air, a wire with a rough, blackened surface will

dissipate heat more rapidly than one with a smooth, shiny

surface. A wire will carry a current with less temperature

rise if suspended horizontally than if suspended vertically.

Fuse wires should never be less than 1 in. long, otherwise

so much heat will escape to the terminals that the fusing

of the wire at the current for which it was selected will be

uncertain. Pure copper wire makes the most reliable fuse

wire. The table on pages 382 and 383 gives the diameters

of wires of various materials that will be fused by a current

of given strength.

Rheostats.—In rheostats, the resistance wire is often

covered with enamel or.cement, to exclude the air and thus

permit operating at a much higher temperature than would

otherwise be safe. One manufacturer covers the resistance

wire with a. cement that is not injured even though the

wire is white hot, and the wire itself may be operated at

red heat without apparent injury. The resistance wire in

rheostats is usually German silver or iron. German-silver

wire is used for small current-carrying capacities, where

the air can be excluded, and iron wire, mounted so as to

obtain good ventilation, where large carrying capacity is

desired. The circular mils per ampere for continuous safe

carrying capacity of galvanized-iron wire in open air varies

gradually from 1,300 for No.0 B. W. G. to 650er No. 18.
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TINNED-lRONWIRE

 

Maximum

SafeCurrent

 

 

ContinuousDutySafeOhms

No.reaAmpere?»CurrentFeetPoundsInchgfer

B,&5_C1!‘(311191forperOhmperFoot.4-InchNUS1MinuteSpiral

WoodenIron

FrameFrame

816.50917.4020.3043.6250.00.04000.0050 913.09414.6017.1036.6173.00.03300.0066 1010,38112.3014.3030.8137.00.02751.0095 118.23410.3012.0025.8108.00.02182.0131 126,5298.7010.1021.786.40.01730.0182 135.1787.308.5018.368.50.01372.0145 144,1066.107.1015.354.30.01089.0353 153.2575.106.0012.943.10.00863.0492 162,5834.305.0010.834.10.00685.0690 172,0483.604.209.127.10.00543.0960 181,6243.003.507.621.40.00430.1345 191.2522.502.906.316.50.00341.1963 201,0212.202.505.413.50.00271.2636 218101.802.104.510.70.00231.3725 226431.501.773.88.49.00184.5220 235091.301.493.26.73.00146.7350 244041.081.202.65.34.001161.0350
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FUSINGEFFECTSOFCURRENTS

(W.H.Preece,F.R.S.)

  

 

 

 

§DiametersinInches

521

EE'0'O "‘55u""w

5g.aEEa.85a.3g7%

5°5r;"—1:3Hi"'23

U73-'8w5:E
UQ01F4

1.0021.00260033.000035.0047.007200830081 2.0034.00410053.00530056.0074.011301320128 3.0044.0054007.00690074.0097.014901730168 4.0053.00650084.000089.011701810210203 5.0062.0076009800970104.013602102430236 100098.012015501540164.0216033403860375 150129.0158020302020215.0283043705060491 200156.0191024602450261.0343052906130595
250181.0222028602840303.0398061407119

300205.0250323032.0342.04506940803.0779
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Tinned-iron wire is much used for rheostats; the wire is

usually wound on iron frames, but sometimes, if only for

temporarv or experimental purposes, on wooden frames.

The table on page 381 gives useful data, including safe

carrying capacity both for continuous duty and for l-min.

periods, as for starting rheostats. The resistance per inch

ot a spiral wound on a 4-in. mandrel as close as possible

without having adjacent turns in contact is also given.

AIR AND WATER HEATING

(I B. T. U.=778ft.-lb.=1,066jaules)

Air Heating.—To raise the temperature of 1 cu. ft. of air

1° F. requires an expenditure of about 18 joules; to make

this change in 1 sec. requires an expenditure of 18 joules

per sec., or 18 watts. A room 12 ft.X14 ft.X10 ft. high

contains 1,680 cu. ft., and to raise its temperature from 0°

to 70° F. in 1 hr. requires lgggéggig=588 Watts, or

588 watt-hours. If the time were 4; hr., twice as many

watts would be required, but the number of watt-hours

would be the same. This calculation assumes no escape

of heat from the room.

At the prevailing prices of electricity, electric air heaters

are not practical for warming ordinary dwelling houses, except

when only a slight rise of temperature, enough to remove

dampness, etc., is desired. On electric cars, however, where

the cost of the energy used is not a serious consideration,

electric heaters are much used. For heating an ordinary

electric car in zero weather, about 12 amperes at 500 volts is

required; with the outside temperature at 20° to 30° F., about

6 amperes is s iflicient.

Water Heating—The weight of 1 gal. of water is 8.34 lb..

and to raise its temperature 1" F. requires the expenditure

of 8.34 B. T. U. or 8.34X1,055=8,798.7 joules; 8,798.7

+3,600=2.444 watt-hours required, provided there are

no heat losses.
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ELECTRIC HEATING APPLIANCES

Some of the advantages of electric heat are as follows:

Its instant availability on closing a switch; its perfect control,

since heat may be obtained in almost any intensity desired;

its perfect adaptability, as the application may be made at

almost the exact location desired, very little heat being

wasted; the absence of smoke, flame, dust, poisonous gases,

etc.; the absence of fuel and ashes to be handled or fires to

be maintained; the reduction of danger of fire or explosions,

Domestic Heating Appliances—All domestic heating

apoliance: requiring about 500 watts or less may be classified

as lighting-circuit devices, because no special wiring or

Outlets are needed. Those requiring more than 500 watts

should be classified as healing—circuit devices, for which

special circuits and outlets should be provided.

Electric fiat irons, coffee pots, tea pots, water heaters.

chafing dishes, stoves, plate warmers, griddles, warming pads,

curling-iron heaters, etc. are already finding extensive use,

and reductions in the price of electric energy will not only

greatly increase their popularity. but will also introduce

into many homes still larger electric-heating devices. All

new houses should be wired for both electric heating and

electric lighting, the heating outlets being placed as near

as possible to the place where the devices are to be used.

Miscellaneous Heating Appliances—Among miscellaneous

heating appliance: may be classed those used in printing

and book-binding establishments, electric-laundry machinery,

hatter's tools, tailor's irons, glue pots, soldering irons,

cigar lighters, etc.

Power Consumption of Heating Appliances—The power

Consumptan of some of the ordinary electric-heating

appliances are as follows: Ordinary 6-lb. flat iron, 500 watts;

3-qt. chafing dish, 500 watts: l—qt. water heater, to boil

water with an initial temperature of 60° F. in 10 min.,

650 watts; l-qt. glue pot, 440 watts; soldering iron, equiva—

lent to a 3-1b. soldering copper, 150 watts.
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THAWING FROZEN WATER PIPES

For thawing frozen water pipes electrically where alter

nating current is available, special transformers either having

large magnetic leakage or each with a choke coil in series are

used. The secondary voltage is usually low, but the current

is high. The large magnetic leakage or the choke coil permits

the secondary of such a transformer to be short-circuited

for several minutes without injury. The piece of frozen

pipe is made a part of the secondary circuit, the primary

terminals of the transformer are connected with the lighting

circuit, and the voltage is adjusted until the desired current

through the pipe is obtained. There should be the least

possible resistance in the secondary circuit; that is, the

secondary leads should be of ample size and as short as

possible. Connections can be made at a. hydrant and a

faucet in a neighboring house, or to faucets in two adjacent

houses, etc.

Where only direct current is available, a motor-generator

or a dynamoth is necessary to reduce the voltage; a motor

generator is preferable, since the voltage is under better

control. The volts, amperes, and time required to produce

running water in a frozen pipe vary between wide limits

and according to no fixed rule. Ordinary house piping,

however, seldom requires more than 30 to 50 volts and

300 amperes.

El' LCTRIC WELDING

By joining two pieces of metal, as indicated in Fig. 1,

sending through the joint enough curent to heat the joined

surfaces to welding temperatures, and then pressing them

firmly together, they may be made to cohere like solid metal.

Many welding operations are economically performed in

this way. The pieces to be welded are usually clamped in

a device, by means of which they may be forced together

with a. considerable pressure. One secondary terminal

of a transformer is connected with each side of the joint,

and a. heavy current is sent across. The large current

and the high joint resistance cause the development of

enough heat to raise the temperature to welding point in a
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very short time, and the pieces are then pressed together

and the current shut ofi.

Alternating current is most convenient because of the

ease of its transformation. The frequency should not be

over 50; the voltage required is low, depending on the

nature of the work; the current density is very high, that

for copper welding sometimes being as high as 60,000

amperes per sq. in.

Welding Transformer.—A welding transformer has very

few tums—often only one—of very massive secondary

copper. In some cases, the secondary is a. heavy copper

casting slit on one side and

having a clamp each side of

the slit for holding the work. Jail]

The current, being of very low z":

voltage, cannot cross the slit. 0’

but goes through the work by “Pm/ha,

way of the clamps. It is some—

times necessary to provide a

circulation of cold water

through the clamps to keep

them from overheating.

Power Required for Electric

Welding—The power required

for electric welding varies (J
inversely as the time consumed h}

in making weld, and to some Fla 1_

extent on the metals welded.

Copper, brass, tool steel, and other metals that are dete

riorated by high temperatures must be heated quickly,

pressed together with sufficient force to push all the injured

metal out from the weld, and allowed to cool at once. Corn

paratively little heat is wasted, 70 to 75% of the power

applied being utilized. In the table on page 388, the areas

are in square inches, the power is in watts supplied to the

primary of the welding transformer, and the time is in sec

onds. The distance between terminal clamps was twice the

diameter of the iron pieces being Welded, three times the

diameter for brass. and four times the diameter for copper

 

 

 

ELECTRIC WELDING



POWERANDTIMEREQUIREDFORELECTRICWELDING

 
 

 

 

IronandSteelBrassCopper

AreaTimeAreaTimeAreaTime

SquarepowerSer-SquarePmerSec-SquarepowerSec
lnchesWartsondsIncheswattsondsInchesWattsends

.58,55033.257,50017.1256,0008 1.016,70045.5013,50022.25014,00011 1.5,5055.7519,00029.37519,00013 2.029,000651.0025,00033.50025,00016 2.534,000701.2531,00038.62531,00018 3.039,000781.5036.00042.75036,50021 3.544,000851.7540,00045.87543,00022 4.050,000902.00,481.00049,00023

 

 

 

 

 

 



ELECTRIC WELDING 389

Rail Welding.—Weld.ing rails electrically is accomplished

by placing an iron plate on each side of the rail joint. pressing

the plates against the rails by means of massive clamps

constituting the secondary terminals of a. special welding

transformer, and sending a powerful electric current through

the plates and the rail ends until all are firmly welded together.

A joint welded in this manner will stand a stress of 279,000

1b., whereas the maximum stress caused by temperature

variations is only about 150000 lb. The conductivity is

as great as that of the solid rail. The welding outfit consists

or a rotary converter and a welding transformer. The

converter is fed by 500-volt direct current from the trolley

and delivers 300-volt alternating current for the transformer.

The average alternating current supplied the primary of

the transformer during a welding operation is about 650

amperes.

ELECTRIC ANNEALING

Electric annealing is a process by which parts of steel

plates or castings may be softened. The terminals of the

annealing transformer are pressed

against the casting on each side of the EWMW;

spot to be softened as in Fig. 2, and

enough current is sent through to heat

the part until it is softened, so that it

can be drilled or machined. Surround

ing parts are not afiected.

 

 

 

  

 

ELECTROLYTIC FORGE

An electrolytic forge. or tempering bath.

consists of a metallic-lined vessel con

taining water or a tempering solution.

One terminal of an electric circuit is Fla 2_ ANNEAUNG

connected with the metallic lining,

and the other with an insulated bar near the edge

of the vessel. By resting the piece of metal to be tempered

across the bar and thrusting the end in the liquid, the circuit

is completed through the bar and the liquid. and by adjusting

the strength of current and the time, the metal can be

heated to any desired temperature, even to melting point.
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When the desired heat is attained. the current is shut 05,

leaving the metal in contact with the tempering bath.

Great accuracy in tempering may be thereby attained.

Suitable insulating shields may be made to protect the parts

not to be tempered. This process was discovered by

Lagrange and Hoho, and is often called the Hoho process.

A ELECTRIC FURNACE

In an electric furnace, a temperature of about 3.5300" G.

is produced by means of an electric are between carbon

electrodes. Asup—

ply of air in the

crucible is not

necessary, and the

heat may be gener

ated in a very

confined location.

Fig. 3 shows a

FIG. 3. ELECTRIC qumce Small _£uma°e' but

the principle is the

same in all. In some types, the crucible itself is made one

of the electrodes. By means of the electric furnace, many

electrochemical and electrometallurgical processes not

otherwise possible can be performed.
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LIFTING MAGNETS

Since the lifting power of a magnet depends on the nature

of the contact surface between the poles and the armature

or object to be lifted, the only practical way to design an

electromagnet for general lifting purposes, where the con

tact surfaces may be very rough and uneven, is to design

the core of ample size, put on an experimental cOil, and

adjust the current until the desired lifting power is obtained.

The product of the number of turns in the experimental

coil and the number of amperes found necessary gives the
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number of ampere-turns for which the permanent coil must

be designed.

If P is the pull in pounds, B the magnetic density at the

pole faces in lines per square inch, and A the polar area in

square inches, their relation is expressed by the following

iormula:

89.4

“72,134,000

If any two of the quantities are knownI the other can be

found by this formula.

If both poles of the magnet are made effective, the total

pull is the sum of the pulls of the two poles. In order to

obtain maximum tractive eflort per pound weight of magnet,

the magnetic circuit should be as short as possible: the

sectional area of the magnetic circuit should be uniform

and large enough to avoid an approach to magnetic satura

tion at any point; the iron or steel used should have high

magnetic permeability; and the magnetic density at the

contact surfaces should not be much over 100,000 lines

per sq. in.

Heating Efiect in Lifting Magnetic Coils—The heating

effect of the current in a lifting-magnet coil depends on the

continuity of the service. the depth of the winding. and

the effectiveness of the ventilation. Lifting magnets are

seldom in continuous use for more than a. few moments

at a. time. The winding, however, is usually so deep that

the heat developed in the inside layers reaches the outer

surface slowly. The ventilation is often very poor, the

magnets being used in hot locations, in engine rooms,

rolling mills, etc., and the windings being entirely enclosed.

Lifting-magnet coils should usually be designed so that

the watts lost in each coil divided by the square inches out

side cylindrical surface (not including the ends) 05 the coil

shall be not over 1, and for the most unfavorable conditions

——continuous service, deep winding, and poor ventilation—

not over .25.

Lifting Magnet Calculations—The calculation of lifting

magnets is based very largely on experimental data. Know

ing the lifting power and assuming the densities, the areas

P
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of cross-sections are calculated. The winding space necessary

is estimated, the lengths of various parts of the magnetic

circuit calculated, and the ampere-turns IT determined

by reference to a magnetization curve for the material

(steel or iron). The mean length of turn lis estimated,

and the size of copper wire calculated by the formula

. E '

in which a is the cross-section in circular mils, and E the

voltage on which the coil is to be used. Enough wire

of the size calculated must be used to keep the watts per

square inch down to a safe value.

When preliminary determinations of the size and quantity

of wire have been made, all the calculations are checked

     

 

 

 

  

 

FIG. 4. BXPOLAR LIFTING MAGNET

to see if sulficient winding space. etc., has been allowed.

Two or three trials may be necessary to obtain the best

results. These calculations are fairly accurate only where

the magnetic circuit is closed; where part of the magnetic

circuit is through air, as with solenoids having movable

plungers, the calculations are somewhat different. In

horseshoe-type magnets the leakage between legs may

modify results considerably, and a liberal allowance should

accordingly be made.

The bipolar rectangular lifiing magnet, shown in Fig. 5,

weighs 1,200 lb. and is capable of lifting 6 tons. The two

coils in series take 61- amperes at 250 volts. Lifting magnets

In: much used in handling steel and iron plates, for which
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purpose rectangular magnets are better than those of circular

section. A very satisfactory design for such work is a

multipolar magnet, Fig. 5, adjacent poles being of opposite

polarity. Each pole consists of a rectangular bar of iron;

  

 
 

 

 
 

 

 

 

  

FIG. 5. MULTIPOLAR LIPTING MAGNET

each is provided with a magnetizing coil, and all are bolted

to a steel plate that forms the magnet yoke. The whole

is surrounded and protected by a metal casing.

ELECTRIC-CAR CONTROLLERS

SERIES-PARALLEL CONTROL

Practically all electric railway cars have at least two

motors. in starting and when running at slow speeds,

these motors are connected in series, so that each has one

half the total voltage of the system across its terminals;

at high speeds, the motors are connected in parallel so that

upon each is impressed the full voltage of the system. An

adjustable resistance is also used in starting and when

changing from series to parallel connections. The resistance

adjustments and the changes in the connections are mad:

by means of controllers.

Fig. 1 (a) shows a typical electric-railway, series-parallel

car controller with the cover, or door, thrown back so as to

expose the interior to view. The operating handle 1 turns

the main control cylinder 2, on which are fastened insulated

copper contact segments; the segments slide under the
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fingers attached to the stationary finger board .9, and to

the fingers are made the various connections. Handle 8

controls the reverse cylinder 4, by means of which the direc

tion of the current through the motor armatures can be

reversed. The two cylinders interlock, so that it is impossible

to move the reverse cylinder unless the operating cylinder

is at the off-position; the reverse cylinder and contact

fingers are not designed to interrupt the current. The

connections are made so that the car runs forwards when

handle 8 points forwards and vice versa. Handle 8 cannot

be removed unless both cylinders are at the Off-position.

A series of vulcabeston arc guards 6 are attached to a frame

hinged at 0, so that the guards when closed in position for

service are between the fingers; arcs are thereby prevented

from forming between two adjacent fingers or segments.

A strong magnetic field set up by the blow-out coil B is made

to pass across the space between a finger and its segment

when they break a circuit, and thus extinguish the arc.

The hinged piece to which the arc guards are attached

forms one pole piece, and the back of the controller the other,

the path of the magnetism being as shown by the dotted lines

in the end view of the controller, Fig. 1 (b). The wires

leading into the controller are connected to binding posts

on the terminal board T, Fig. l (a), on which are also switches

7, by means of which either motor may be cut out of service.

An interlocking device prevents the operating cylinder

from being turned beyond the series position when either

motor is cut out.

In the following controller diagrams the heavy black

bands represent the developed segments on the controller

cylinders, and the vertical dotted lines across the segments

represent the various notches. In most controllers, there

are only two running notches—one with the motors in series

and one with the motors in parallel, all resistance being cut

out in each case.

Fig. 2 shows a diagram of the connections of a two-motor

equipment with two-series-parallel controllers. In tracing

the current paths on a controller diagram, conceive the

reverse cylinder to be turned until the contact segments
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are under a row of fingers on one side, and then conceive

the main control cylinder to be rotated so that its segments

slide under their fingers from notch to notch. In Fig. 2

the segments on the main control are in four castings; the

electrical connections between segments are represented

by the short vertical lines. The motors start in series,

with all resistance in circuit; as the cylinder is turned, the

resistance is cut out step\by step until the first running

notch 5 is reached, where all resistance is cut out; then

follow four transition steps, leaving the motors in parallel

with resistance in series, and three resistance steps, leaving

the controller on the second running notch 9, with the motors

in parallel and all resistance cut out. The arrowheads

show the path of the current when controller No. 1 is on the

first notch and the reverse cylinder is in the forward position.

Fig. 3 shows the combinations efiected on the various notches.

In a four-motor equipment. the motors are permanently

connected in pairs; the two motors of each pair are in parallel,

and each pair is treated in the connection changes as a

single motor. Fig. 4 shows a diagram of connections.

The reversing cylinder carries three rows of segments and

there are two sets of fingers, so that the current in the four

armatures can be reversed. Motors 1 and 8 form one pair,

and 2 and 4 the other. On heavy equipments, circuit

breakers are used in place of hood switches. The arrows

and arrowheads indicate the paths of the current with

controller No. 2 on the first notch and the reversing switch

in the forward position. The various combinations are

shown diagrammatically in Fig. 5. The principles of all

series-parallel controllers are the same as those already

described.

INSTALLATION OF CAR WIRING

The expression car wiring is usually understood to mean

the interconnections under the car between the two control

lers. the motors, the resistances. and ground. The con

nections to the car heaters and lamps are known respectively

as heater wiring and lamp wiring, and the portion of the
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circuit between the current collector and the controllers

is known as the trunk connections. The trunk connections

include the trunk wire, or actual wire part of the circuit;

the motor switches (also called hood switches. canopy

switches, overhead switches, and bonnet switches); and

circuit-breakers, fuse boxes and lightning arresters (when

used). The relative locations of many of these parts are

shown in the diagrams, Figs. 2 and 4.

The parts of the trunk wire are: the roof wire, which

connects the trolley stand with the hood switches or circuit

breakers; the wall win, which runs down between the end

walls of a closed car or through a corner post of an open

car; and the controller trolley wire, which extends the whole

length of the car under the floor and connects the trolley

posts of the two controllers. When hood switches are used

instead of circuit-breakers. a. fuse box is installed in the

trunk wire under the car floor, near the point where the wall

wire comes down through the floor. The lightning arrester.

when one is used, is connected in the trunk wire near its

junction with the controller trolley wire.

The centroller resistance is suspended under the car floor.

On cars of moderate weight, the wires under the floor usually

run in a canvas hose or in conduit extending from one

controller to the other, with openings at intervals for the

taps to motors. resistance, etc. On heavier cars, the wires

are run separately in grooved insulating material, and are

then covered with insulation.

The following general directions relating to car wiring

are given by the General Electric Company:

1. Protect all wires underneath or inside the car from

mechanical injury through strains due to racking of the car

body or from chafing with car doors, motor frames, trucks,

wheels, brake rigging, rheostat frames, or other parts.

2. Locate the cables and wires so that the heat from

rhecstats and heaters will not seriously affect the insulation.

3. Avoid placing wires of extreme diflerence of potential

in close proximity.

4. Solder all permanent taps and splices, and thoroughly

tape them.
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' 5. Securely support cables and wires so as to minimize

vibration,

6. Tighten well all setscrew or clamp connections at

controllers, rheostats, fuses, circuit-breakers, and other

points.

In general, the cables should be located in dry out-of-the

way positions. It is sometimes preferable to run them in a

boxed compartment carried along the car sills from end to

end of the car. On open cars, the cables should be located

under the car bodies and platforms, as near the center line

of the car as possible: they should pass around bolsters, so

that water and mud thrown by the wheels will not reach them.

Care should be taken on all double-truck cars to see that the

cables are so placed

that the wheels will

not cut them in

rounding sharp

corners. In closed

cars, with seats

running length

wise, cables should

be carried under

the seats and sup

ported on brackets

or with leather

cleats to keep them

of! the floor of the
FIG' 6 car. The cables

should be located

so as not to interfere with car heaters, and it is pre’erable to

run the cables under rather than over the heaters. All taps

from the cables to the motors should be as short as possible,

with suficient slack to prevent strains, and' on double-truck

equipments, a coiled metal armor should preferably be used.

All connections between these taps and the motor leads

should be thoroughly made. In order to prevent breakage,

nothing but stranded wire should be used for connecting

the field and armature leads with the cable wires. In

making a tap joint, about 4 in. of the end of the stranded
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lead. or tap, is cleaned of insulation, and the strands are

divided into halves, as shown in Fig. 6 (a). The halves are

twisted around the bared portion of the cable in opposite

directions, as in Fig. 6 (b), and the ends pressed down

compactly. Melted solder is then poured over the joint

from one ladle to another, and when the solder is cool the

joint is smoothed with a X-lleI covered with friction tape,

and given a coat of thick shellac. Splicing compound is

sometimes applied before taping.

MULTIPLE-UNIT SYSTEMS

In the multiple-unit system of operating electric trains.

each car is equipped with two master controllers—one at

each end of the car in the motorman's compartment. By

means of these master controllers, changes are made in the

connections of the vines of a cable, or train line, that runs

from car to car through couplers and sockets; the current

in this train line operates the main controllers located under

each car. The current through the master controller is

therefore small, being only enough to excite the electro

magnetic switches of the main controllers. These switches

effect the necessary changes in the motor and resistance

connections, and are made large enough to carry the very

strong currents required by the motors. Several cars are

coupled together to form a train, which is operated from

the master controller on the front end, all the other master

controllers then being automatically locked. The move~

ment of the operating controller efiects the same motor

and resistance combinations on all the cars.

A general view of the apparatus used on a car equipped

with the Sprague General Electric system of control is shown

in Fig. 7. The current from the third-rail shoes or from

the trolley passes through a main switch and fuse box before

reaching the groups of electromagnetically operated switches,

or contractors, forming the main controller. Taps lead

from the main wire through switches to the master con

trollers. From the controller, the various wires of the

control cable pass to the connection boxes, in which changes



402 MULTIPLE—UNIT SYSTEZHS

of a permanent nature in the connections are made. From

the connection boxes, the wires of the control cable pass

through the control cut-out switch, a fuse block, and a

rheostat, the resistance of which limits the control current

to the required strength. From the rheostat. the control

current traverses the operating coils of the contractors

and reverser, returns to the master controller, and passes

thence to ground. The reverser consists of a rocker operated

by two solenoids—one to throw it to the forward position,

and the other to the reverse. The contacts are provided

with blow-out coils, so that all arcs are immediately sup

pressed.

Seven train wires are necessary to carry the control

current from car to car, and these are covered with diflerent

colored insulation, to make them readily distinguishable,

and are formed into cables called jumper cables. Connections

are made to the car control cable by means of couplers

and coupler sockets. The contactors on all the cars operate

simultaneously. The motor rheostats, made of cast-iron

girds, limit the motor-starting current and thereby secure

smooth acceleration. In modern controllers, an automatic

device prevents too rapid acceleration, so that even if the

motorman moves the master-controller handle around to

the full~on position at one stroke, the contactors will close

in regular consecutive order, each delaying until the starting

current has fallen to a predetermined limit before closing.

The Westinghouse multiple-unit control apparatus accom—

plishes the same object as that just described. In the

Westinghouse system, the control current is taken from a.

storage battery at low pressure (about 15 volts), and is

thus entirely independent of the main circuit or the current

collecting devices. The main controller consists of a group

of unit swilches operated by compressed air. The switches

are grouped radially around a blow-out coil that is c )mon

to all. In more recent control equipments the unit switches

are grouped in a rectangular box, the blow-out coils being

placed between the switches. The air valves are operated by

electromagnets under the control of the operator. A unit

.nmltch control equipment is shown in Fig. 8. The limit switch
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regulates the rate of acceleration by stopping the progressive

action of the unit switches whenever the motor current

exceeds a predetermined value. The line relay opens all

the switches except the line switch when the power goes 05

the line.

FIRST AID TO THE INJURED

PREPARATION

In every place where a large number of persons are

employed and where accidents are liable to occur, a supply

of articles needed to render first aid should be available.

These should include one or more stretchers, bandages,

absorbent cotton, carron-oil (equal parts of raw linseed-oi]

and lime-water), splints, soap, towels, blankets, aromatic

spirits of ammonia, etc. The necessary quantity of any

of these or other articles depends on the nature and size

of the Works.

Sterilizing.—Many disease germs maybe killed by heat;

others by chemicals called disinfectants, such as bichloride

of mercury, carbolic acid, etc. The solutions used in washing

wounds should be made up of about the following strengths:

Bichloride of mercury 15 gr. to 1 qt. of water", or, liquid

carbolic acid, 2 teaspoonfuls to 1 qt. of water. The sub

stances should be thoroughly dissolved before the solution

is used.

ACCIDENTS AN'D INJURIES

PAINTING

Fainting, or mooning, with loss of sensation, motion,

and consciousness, may result from a severe blow or wound,

from loss of blood, from great emotion (extreme fear or

joy). from electric shock, etc. The patient becomes pale.

inanimate, and is in a condition of apparent death; if not

soon relieved, death may result.
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The patient should be laid with the head lower than the

feet, and ligatures or bands of some sort should be tied

around the arms and legs close to the body, so as to con

fine the circulation to the trunk and head. The tongue

should be kept out of the throat, in order to allow free

access of air, and the respiration may be helped by pressing

in and down on the ribs and chest and allowing the chest to

expand by its own elasticity.

Artificial Respiration.—The process just described is one

form of artificial respiration, and may in some cases be

effective. If the desired results are not soon obtained,

place the patient on his back with a pad (a roll of cloth

ing will do) under the back just below the shoulders, so

  

FIG. 1

as to raise the pit of the stomach. The patient‘s tongue

should be drawn out and held by an assistant, or, it should

be fastened against the lower teeth by a rubber band pass

ing under the chin or clasped between the patient's teeth,

the lower jaw being held up by a bandage tied over the

head. Grasp the forearms half way between the elbows

and wrists, and draw the arms back rather quickly but

steadily in vertical planes until they meet above the

patient's head, as in Fig. II and hold them thus for 2 sec.

This motion draws the ribs up, expands the chest, and air

enters. Now bring the arms back to the sides of the bodyI

and press firmly on the sides and front of the chest over the

lower ribs, as in Fig. 2; the obiect of this movement is to
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contract the chest and force the air out of the lungs. If

enough assistants are present, one can stand astride the

patient and press firmly against the sides and top of the

chest while the arms are held down along the sides. This

series of movements, constituting one inspiration and one

expiration, should be repeated about once every 4 sec., or

fifteen times per min., for 1'}- or 2 hr. if necessary, unless

in the meantime a physician pronounces life extinct. While

working over the patient prevent unnecessary crowding

of persons, avoid rough usage, and do not allow the patient

  

to remain on his back unless his tongue is secured. Under

no circumstances should the patient be held up by his feet,

nor should he be placed in a warm bath unless under medical

direction.

TMUMATIC SHOCK

Severe injuries may sometimes result in traumatic shock

(trauma meaning a wound), in which the victim appears

confused and listless and perhaps stupefied, but not uncon

scious. The pulses and respiration are perceptible, though

feeble and irregular. Sometimes the bowels move involun

tarily. Intelligence is not usually wholly lost, and the patient

can be made to respond to questions if repeatedly urged.

This condition may last a few moments or several hours.

and may terminate in death.



FIRST AID TO THE INJURED 407

Place the patient in a horizontal position with head lowered.

and warm him by rubbing and by using warm linen or

blankets. Let him inhale the odor from dilute ammonia

water. If he can swallow, give a little hot brandy and

water with a few drops of ammonia water added; 1 teaspoon

ful of aromatic spirits of ammonia in a wineglassful of water

is also good. From 2 to 4 teaspoonfuls of turpentine in a

quart of water, as hot as may be used without discomfort,

may be injected into the bowels. often with good results.

Wounds consisting of severe bruises are sometimes

characterized by numbness, coldness, and absence of bleeding

until reaction begins. In such cases, use stimulants and

antiseptics and keep the injured part as quiet as possible

and protected by warm dressing.

HEMORRHAGE, OR BLEEDING

Hemorrhage, or bleeding, may come from the arteries.

the veins, or the capillaries. The arteries are the channels

through which blood flows from the heart to the various

parts of the body, and the veins are the channels through

which the blood returns to the heart. The capillaries

form the network of very minute tubes through which the

blood passes from the arteries to the veins and by which

all the tissues of the body are nourished.

Arterial hemorrhage is usually distinguished by the bright

red color of the blood and the regular pulsations with

which it issues from the blood vessels; venous hemorrhage

can be known by the dark-blue tint of the blood and the

steadiness of its flow; in capillary hemorrhage, the blood has a

reddish tint and exudes from the tissues or wells up from the

surface of the wound. Internal hemorrhage may exist

without any external flow of blood.

After excessive loss of blood, the patient‘s face and lips

turn pale; he experiences chills, cold sweats, nausea, frequent

vomiting, irregular respiration, feeble pulse, dizziness,

buzzing in the ears, and finally unconsciousness, terminating

either in death or in the cessation of the bleeding. In the

latter case, consciousness may soon return, but very often

the tendency to fainting fits persists for a time.
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Capillary hemorrhage is arrested by bathing the wounded

part in cold sterilized water and bandaging it with a pad,

or compress of sterilized gauze
I or lint.

Venous hemorrhage is more

serious and cannot always be

stopped by binding a. pad

FIG“ 3 over the wound; in this case,

the limb must. be bandaged on

the side of the wound away from the heart. The limb should

be raised and held above the rest of the body and the

patient should be made to lie perfectly quiet.

Arterial hemorrhage is more serious than either of the

others. If a large artery or a number of small ones are

ruptured, the blood may escape so rapidly that death

occurs almost at once. Pressure enough to stop the flow

should be applied to the artery where it passes over a. bone

  

  

(b)

FIG. 4

between the wound and the heart. The location of the

ler 15 revealed by the distinct pulsations. Pressure
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applied with the fingers will answer temporarily, and this

method aflords a way of finding the proper spot on which

to press. A knot or any hard substance, in a handkerchief

or a. bandage may then be placed on the spot, tied loosely

  

around the limb, and twisted with a stick, as in Fig. 3‘

until bleeding ceases. The stick may then be fastened

with another bandage.

The course of the main (brachial) artery in the arm is

well indicated by the inner sleeve of a. man's coat; this artery

  

FIG. 7 FIG. 8

can be compressed by grasping the arm by either method (a)

or (b), Fig. 4. The pressure should always be downwards

against the bone and not against soft muscle. The sub

clavian artery supplying blood to the arm may be close(
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by applying pressure in the hollow just above the collar

bone, as shown in Fig. 5. The temporal artery runs up the

side of the forehead, and may be closed by applying a pad,

as in Fig. 6. The femoral artery runs from the groin down

a little inside of the front of the leg about one-third the

distance to the lcnee, then passes through the muscles

and approaches the surface again behind the knee. Pressure

applied as at P, Fig. 7, may stop bleeding from a wound

above the knee, and a pad applied as in Fig. 8 is applicable

for a wound below the knee.

ELECTRIC SHOCK

Electric shock may producetsevere bums, unconsciousness,

or death, depending on the strength of the current through

the body as well as on its duration and flow. If the skin is

thin and moist and the contacts with the conductors good,

comparatively low voltage, 220 or possibly less, may be

suficient to send considerable current through the body,

On the other hand, a person with thick, dry skin, as on the

palms of the hands, may sometimes make slight accidental

contact with a circuit of several thousand volts without

serious results. A very small current through the region of

the heart may paralyze its action and cause death; currents

of greater density stimulate the heart to increased action,

but paralyze the nerve centers controlling respiration and

may cause death by suffocation, the same as in drowning.

Accidental contact with an electric conductor should

be broken as quickly as possible: if maintained until heart

action ceases, as a result of sufiocation, death invariany

results. In breaking the contact (provided, of course, the

power cannot be immediately turned 05 the circuit), use the

feet to push the victim and the conductor apart—never

the hands. Current passing from one foot through the legs

and the other foot to ground does comparatively little injury.

since the important nerve centers and the heart are not in

its path. As soon as the contact is broken, the victim, if

he has not lost consciousness, soon recovers. If the victim

is unconscious but has not ceased breathing, an efl'ort

should be made to revive him, the same as in an ordinary
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fainting fit. If respiration has ceased. artificial respiration

should be tried and continued for some time, even though

the heart action is so feeble as to be almost imperceptible.

The first and most important requirement in producing

respiration by artificial means is to hold the tongue so that

it cannot obstruct the throat.

Burns caused by contact with electric conductors should

be protected with sterilized gauze. Such burns are gener—

ally deep. sometimes even carbonizing the bones, especially

those of the fingers. They heal quickly, however—ordinarily

in from 3 to 6 weeks.

WOUNDS

Before being used on a wound, all instruments, bandages,

etc., should be sterilized by heating in steam or boiling

water or by baking or by treating with a germ-destroying

solution. The water used in washing a wound should first

be boiled, in fact nothing unsterilized should be permitted

to come in contact with the wounded surface. The germs

entering a wound from the skin of the patient or from the

object that produced the wound may be removed by thor

oughly washing with sterilized water, and the sterilized

dressings will prevent further infection.

The first treatment of a. wound includes checking the

bleeding; the removal of all foreign matter and a thorough

washing; drawing the lips of the wound together or gently

straightening bruised or torn flesh; applying several layers

of sterilized gauze, with absorbent cotton next the wound

if it is likely to bleed or discharge, and holding all in place

with a suitable bandage. Sterilized adhesive strips are

sometimes necessary to hold the wound together.

FRACTURES

The signs of fracture are: (1) Loss of power in the limb,

or part. injured. (2) Pain and swelling at the seat of the

injury. (3) Distortion of the injured limb—it will be

longer or shorter than the other or will lie in some unnatural

position. By gentle pulling, the limb may be brought

back to its natural shape, but on being released will immedi
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otely return to the distorted position. (4) On gently

moving the limb, a grating sensation (crepitation) may

be felt where the ends of the broken bone rub against each

other. (5) If near the surface, the break may be felt from

  

Flo. 9

the outside. A fracture should be handled with extreme

gentleness; rough usage may do much harm.

Before attempting to move a patient sifiering from

fracture, the injured part should be supported in a rigid

p0sition by tying on splints. Almost any substance stifi

enough to support the injured part will answer for a. tem

porary splint; for example, a stocking leg or a coat sleeve

filledwith earth, sand, moss, hay,

chaff, or paper and securely tied

at each end, a barrel stave, a

piece of board, a roll of paper,

etc. If hard substances are

used for splints, the leg should

be padded. If feasible, the

splints should extend past the

nearest joints, and should be

securely bandaged'so that both

the fracture and the joints are

Fm. 10 held rigid, as in Fig. 9.

Until the physician comes, a

fractured jaw should be held in place by a bandage passed

under the chin and over the head. If the collar bone is

broken. the arm should be raised gently, and a pad made by
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tightly rolling a handkerchief or a piece of cloth should be

placed in the armpit; the forearm should be supported

horizontally across the chest by a large arm sling, and the

arm and sling should be held firmly in position bya broad

bandage placed around the body and just above the elbow.

Fractured ribs may be temporarily treated by fastening

broad bandages around the body, tying the knot on the side

opposite the fracture, as in Fig. 10.

DISLOCATIONS AND SPRAINS

A dislocation is the displacement of the bones of a joint.

Ordinarily, a physician is needed, and little can be done

before his arrival except to make the patient as comfortable

as possible.

A spnu'n should be kept very quiet. If possible, keep

the injured member in water as hot as can be borne for

1} hr. or more; then bandage with moderate firmness in

such a manner as to prevent any movement of the joint,

using splints tor this purpose it necessary.

EFFECTS OF HEAT

Burns.—The general treatment of a burn consists in

relieving the pain, in combating the depression, and increas

ing the warmth of the patient. The pain may usually be

relieved by excluding the air from the burned portion

stimulants should be given, if necessary, to relieve the depres

sion. A covering of flour may be spread over the burned

surface; or bicarbonate of soda, either in the form of paste

or powder, can be used; any oil, such as sweet-oil, raw linseed

oil, or carron-oil, or a dressing, such as vaseline, cold cream,

etc., is effective.

In removing the clothing from over a burn or in dressing

it, the blisters should not be broken. If any clothing adheres,

it should be saturated with oil ard allowed to remain. The

patient should not be exposed to cold.

Heat exhaustion is generally accompanied by weakness,

cool skin, pale face, weak voice, rapid and feeble pulse,

increased respiration, dim vision, and possibly by uncon

sciousness. The patient should be placed in a horizontal

28
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position with the head low, and stimulants and hot appliezv

tions should be administered. Occasional doses of brandy

should be given, also a teaspoonful of aromatic spirits of

ammonia in a little hot milk or water every half hour. If

the patient cannot swallow, these remedies may be injected

into the rectum.

Sunstroke, which may occur in any hot, moist temper

ature, is accompanied by high fever. In a few cases, uncon

sciousness and death come very quickly; but usually the

progressive symptoms are intense headache, dizziness,

oppression, nausea, vomiting, occasionally diarrhea, and

unconsciousness with delirium and restlessness. The face

is flushed, the eyes bloodshot, the skin very hot and dry

(temperature from 107° to 112° F.), the breathing labored

and sometimes noisy, and the pulse frequent and full.

Both the symptoms and the treatment are directly oppo

site those ior heat exhaustion. In cases of sunstroke, every

efi'ort should be made to reduce the excessive bodily temper

ature. Rubbing with ice, a cold bath, a cold pack, and

cold rectal injections are all good.
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